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Foreword 


E lectricity, during the last hundred years, has 
advanced from an interesting yet mysterious phe- 
^ nomenon to the leading source of energj' on the 
globe. Thousands of master minds have studied experi¬ 
mental data and have verified theories, wliile more practical 
heads have utilized the principles discovered. The appli¬ 
cations of the electric current are numberless and are to be 
found in every home, even unto the highways and byways 
of our less thickly populated districts. The visible results 
are on every side. Think of the important parts the gen¬ 
erator and motor play in our industrial life; call to mind 
the immense power plants which are to be found all over 
the country; stop and realize the convenience of the 
electric light when we turn it on in our home, or the electric 
car when we take it at a near-by comer. Think again of 
the telephone, the wire and wireless telegraphs, and the 
thousands of other applications of the electric spark and 
electric energy which contribute to our daily comfort. 

^ With the increase in complexity of the machines and 
devices and the larger part which the science of electricity 
played in the life and activities of the nation came the in¬ 
creasing necessity for an authoritative work of reference. 
It was to satisfy this acknowledged need that the Cyclo¬ 
pedia of Applied Electricity was created in 1905, an^ for 
more than a decade it has held an enviable place in the 
field of electrical literature. By repeated revisions the 
publishers have kept the material up to date, and the pres¬ 
ent Cyclopedia, with its extensive revision and enlargement, 
is a worthy successor to previous editions. Being a com¬ 
plete and practical working treatise on the generation and 
application of electrical energy, one finds in the Cyclopedia 
logical discussions of direct and alternating currents with 
instructive sections on such subjects as Armature Wind¬ 
ing, Storage Batteries and Transformers. Methods of Dis¬ 
tribution and Transmission are given adequate treatment, 
while the article on Interior Electric Wiring takep up the 



practical methods and equipment used in preparing build¬ 
ings for tbe use of electric light or power. Commercial 
uses, such as Lighting, Welding, Transportation and Com¬ 
munication, are exliaustively treated. The discussion in¬ 
cludes the construction as well as the management of 
devices, instruments, and machines in practical use, while 
the treatment of operating troubles is complete. 

^ Owing to the use of many special words and terms, a 
possary has been included in Volume VIII. The defini¬ 
tions are given in simple language, and where possible 
reference is made to the volume and page where added 
information may be foimd. 

^ Throughout, the Cyclopedia is as scientifically correct 
as any work could be, and yet the treatment of the various 
subjects is as free as possible from abstruse mathematics 
and unnecessary technical phrasing, particular attention 
being given to the careful explanation of involved but 
necessary formulas. Diagrams, curves, and practical exam¬ 
ples are given whenever they may be helpful in explaining 
the subject, while the numerous illustrations and blue¬ 
printed inserts furnish complete pictorial aid to the text. 

^ Books on electrical topics would, if all gathered in a 
common library, contain so many duplicate pages as to 
entail a great waste of time upon one trying to keep up 
with electrical progress. To overcome this difficulty the 
publishers of this Cyclopedia have gone to original sources, 
and have secured, as writers of the various sections, men of 
wide practical experience and thorough technical training. 
Each writer is an acknowledged authority on the subject 
which he covers. The contributions of these inen have been 
correlated by our Board of Editors into the logical and 
unified Cyclopedia here presented. 

^ In conclusion, acknowledgment is due to the staff of 
Authors and Collaborators, whose hearty co-operation has 
made this work possible. 
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ELECTRIC LIGHTING 

PART I 


UNITS OF MEASUREMENT 

The Candle. A generation or two ago when new light 
sources began to supersede the candle, it was most natural that 
the illuminating power of these new sources should be expressed 
in terms of the candle, familiar to all. It is probable that the 
very jSrst comparisons of two light sources were made by setting 
up the two lamps in the line of vision and gaging them by means 
of the eye, the most natural direction in which to look at the 
sources being the horizontal. A glance at Pig. 1 shows that the 
eye (an extremely fallible instrument of light measurement at its 



Fig 1 Only Slender Cone of Light Reaches Eye 

best) is capable of measuring only a very slender cone of light 
at one time; in fact, if the eye is an appreciable distance from the 
source, the cone RST becomes virtually a single line. While 
there is an infinite number of directions from which the eye 
might look at the source, the light-giving power in a horizontal 
direction was made the basis of comparisons. As newer illuminants 
appeared they were rated according to their strength in this 
same direction and were stated to give so many candles, so that 
when we say a lamp gives 10 candles, we really mean that its 
intensity or strength in a horizontal direction is equal to that of 
a group of ten standard candles. This rating of- a, lamp is made 
by means of an instrument known as a photometer, a description 
of which will follow later. One essential point to remember in 
this connection is that the candle-power of a lamp represents the 
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intensity in one direction only. In practice, it has been custom¬ 
ary for j'ears to rotate the lamp about a vertical axis while the 
candle-power was bebg determined, and the result was known as 
the mean, or average, horizontal candle-power; but even this 
determination gave an average value of the intensity in the 
horizontal directions only. It should be stated, however, that in 
comparing lamps on the basis of their horizontal candle-power, the 
light in directions other than the horizontal was not really ignored, 


--- ^ 




for it was taken into consideration that most sources of light then 
in use gave off their light in about the same proportions in the 
different directions and that for this reason the candle-power in a 
smgle direction furnished a criterion sufficiently accurate for the 
needs of the time. 

To carry our conception of candle-power a little further, let 
us assume the conditions existing in Fig. 2. At A we. have on 
the left a standard candle and on the right a photometer pointed 
toward the candle. From what has already been stated, it is 


12 





ELECTRIC LIGHTING 


3 


obvious that when the photometer is balanced it will indicate an 
intensity of 1 candle. x\t B we have surrounded the same candle 
with a sphere having a moderately large opening. The inside of 
the sphere, we will say, has been painted a dead black so that 
none of the rays striking it are reflected but are absorbed and 
cease to be light; in other words, are throvTi away so far as our 
experiment is concerned. In this case the photometer will still 
indicate an intensity of 1 candle in spite of the fact that a great 
deal of light has been throTO away. At C we have used a sphere 
with a much smaller opening and are therefore wasting still more 
of the light, but even in this case our photometer will indicate 
an intensity of 1 candle. In fact, our reading will be 1 candle 
regardless of the size of the opening, that is, regardless of the 
quantity of light we allow to be emitted, provided the direct rays 
from the candle to the photometer are not obstructed. This 
leads us to the important conclusion that the candle-power of a 
source gives no indication of the total quantity of light emitted 
by that source. Candle-power, we may say, is analogous to a 
measurement of the depth of a pool of water at a certain point 
on its surface—a measurement which is useful for certain pur¬ 
poses, but in itself gives no indication of the quantity of water 
in the pool. 

Closely related to candle-power is inean spherical candle-- 
power. The mean spherical candle-power of a lamp is simply the 
average of all the candle-powers in all directions about that lamp. 
A source giving one candle in every direction would have a mean 
spherical candle power of 1. If a source gave off various candle- 
powers in different directions, but if the average of all these 
candle powers were 1, this source also would have a mean spher¬ 
ical candle-power of 1. We must remember, however, that the 
infinite number of directions in which a source ordinarily emits 
light do not all lie in the same plane, but extend into space on 
all sides about the source, like the pricks of a chestnut burr. 

The Lumen. We have seen from Fig. 2 that candle-power 
alone gives no indication of quantity* of light. It is necessarj", 

* Quantity is here used in the sense that it indicates only a summation of flux aa through¬ 
out a given solid angle about the source, and over a given area illuminated to some average 
value Quantity in a more precise sense is a summation over a period of tune and is measured 
in lumen-hours 
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therefore, for us to develop a unit whereby we can measure the 
quantity of total flux of light emitted by a source. For this 
purpose let us assume a source giving 1 candle in every direc¬ 
tion and that this source is placed at the center of a sphere 
painted black on the inside and having a radius of, say, 1 foot, as 
shown at A, Fig. 3. In this figiue, OR represents an opening in 
the sphere through which some of the light may escape. The 
quantity of light allowed to escape may be varied by varying 
the size of the opening, with the candle-power of the source and the 
radius of the sphere remaining fixed; if we decide on some definite 
size of opening at OR we shall have a definite quantity of light 





Fig 3. Graphic Definition of Light Unit (A) Opening OR Has Area of One Square Foot 
and Emits One Lumen, (B) One Lumen Falls on Surface OPQR 

which we can use as our unit for measuring quantity. The sim¬ 
plest area or unit to assume for OR is 1 square foot; and if we do 
make this opening 1 square foot in area, the amoxmt of light that 
escapes is considered to be the unit of quantity, and is called a 
lumen.* 

K the area of OR is made | square foot, the light escaping 
will amount to i lumen; if the area of OR is doubled, the light 
escaping will be 2 lumens. On the other hand, if we have a uni¬ 
form source of 2 candles instead of 1, 2 lumens will be emitted 
through an opemng of 1 square foot in this particular sphere. 
We know by arithmetic that the total. surface of the sphere 
having a radius of 1 foot is 12.57 square feet. In other words, 
removing the sphere entirely, we would have the equivalent of 
12.57 openings the size of OR; that is, if the candle gives 

* We may choose a sphere of any radius we care to, so long as we keep the size of the 
opeEdug prtg><Hiioxia!r>-ihat is, ihs area equal to the square of the radius—and the quantity 
wQl still be one lumen. 
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1 candle in every direction, with the sphere removed it would give 
12.57 lumens. This means that if we know the mean spherical 
candle-power of a lamp, by multiplying this value by 12.57 we 
obtain the number of lumens emitted by that lamp (a value of 
12J is suflSciently accurate for most practical purposes). A lumen 
may also be defined as equivalent to the quantity of light inter¬ 
cepted by a surface of 1 square foot every point of which is at a 
distance of 1 foot from a source of 1 candle, as shown at B, 
Fig. 3. 

While the foregoing definitions establish definitely the quan¬ 
tity of light that we use as our basic unit, it must be remembered 
that a lumen, in order to be a lumen, need not necessarily con¬ 
form to these specifications pro\ided the quantity of light repre¬ 
sented is equivalent to that prescribed by the definition. A 
bushel might be defined as the quantity of any commodity con¬ 
tained in a cylindrical measure ha\’ing a diameter of 18^ inches 
and a height of 8 inches; however, a bushel of potatoes spread out 
in the field is just as much a bushel as though the shape of the 
pile conformed in every respect to the dimensions just named. 

A Meamrement Analogy. A conception of the relations just 
discussed may be obtained from the following simple analogy. 
Suppose that we have a pool of water of unknown depth, whose 
surface area has been found to be 5000 square inches, and it is 
desired to obtain a measurement of the quantity of water in the 
pool. At first thought, one might be tempted to measure the 
depth at some point by means of a yardstick. If, for example, 
the depth at this point were found to be 6 inches, he might say 
that the pool contained 6 inches of water. Ob\dously, such a 
measurement would be practically useless. A measurement of 
this sort corresponds to the measurement of the quantity of light 
given off by an iiluminant as determined by its candle-power in a 
single direction. On second thought, the investigator might make 
determinations of depth at regular intervals along a straight line 
through the center of the pool from edge to edge and find the 
average depth along this line to be, say, 4 inches. To say that 
the pool contains 4 inches of water would hardly be more con¬ 
clusive than the first determination. Such a measurement would 
correspond to the mean horizontal candle-power of a light source. 
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If the surface of the pool were divided into a large number of 
equal squares and measurements of depth made at the center of 
each square, the average depth thus found would give a definite 
idea of the quantity of the water in the pool since the surface 
area is already known. This determination corresponds to mean 
spherical candle-power. Now, if the average depth of the pool as 
just determined, is, say, 4| inches, the quantity of water in the 
pool is four and a half times 5000, or 22,500 cubic inches. To 
say that the pool contains 22,500 cubic inches of water is definite 
and positive, and this measurement corresponds to the number of 
lumens given off by a light source. The average depth of the 
pool corresponds in this analogy to the average intensity of the 
light source in all directions, and the area of the pool corresponds 

to the area of the imaginary sphere 
^ about the light source. 

It might be said that the 
above method would be a very 
awkward one to employ in de¬ 
termining how much water there 
is in the pool. A more practical 
method would be to pmnp the 
Fig 4. Illumination at A Is One Water into some measuring ves- 

Foot-Candle ® 

sel, as, a barrel graduated in gal- 
Ions. As a matter of fact, measurmg the total lumens emitted 
by a light source is performed in a manner analogous to the 
method just referred to. The mean spherical candle-power or the 
lumen output of a lamp may be determined at one reading by 
means of the sphere photometer, which is described on page 13. 

The Foot=Candle. Light is a cause, and illumination the 
effect or result. Both the lumen and the candle are used to 
measure the cause, these units applying to the light source itself 
and not to the point where the light is utilized. To measure the 
illumination on a newspaper, desk, or other working plane, we 
employ a unit called the foot-candle. A foot-candle represents an 
intensity of illumination equal to that produced at a point on a 
plane which is 1 foot distant from a source of 1 candle and which 
is perpendicular to the light rays at that point. In Fig. 4, if the 
source B gives an intensity of 1 candle along the line SA, and if 
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A is 1 foot distant from the source, the intensity of illumination 
on the plane CD at the point ^ is 1 foot-candle. If, instead of 
being perpendicular to the beam, the plane ..45 is tilted at an 
angle, as shoTvm in Fig. 5, it will be seen that the light of this 
beam is spread over a greater area than if the plane is perpen¬ 
dicular, so that the intensity of illumination on the plane is less 
in proportion to the ratio of the length of JB to the length of 
A'B' or to the cosine of the angle between a perpendicular to 
^4'B' and the axis of the beam, which is the angle a. If with the 
plane in the position AB the illumination is 1 foot-candle and the 
cosine of the angle a is 0.7, the average illumination on the plane 
in position ^'5' will be only 0.7 of a foot-candle. 

The foot-candle is the unit of measurement which in every¬ 
day usage is employed in computing the intensity of illumination, 



and a measurement which the eye, either consciously or uncon¬ 
sciously, is making whenever the faculty of vision is being 
employed; for the number of foot-candles we have on the working 
plane, other things being equal, determines directly whether or 
not there is suflBcient light. A working idea of a foot-candle of 
illumination can be obtamed by considering the intensity on a 
newspaper being read by the light of a candle, the paper being 
held approximately one foot away from the candle. The foot- 
candle is a unit applying to a point on a surface; by averaging 
the foot-candles at a number of points on a plane, we get the 
average intensity of illumination on that plane. 

Care should be taken to avoid confusing the intensity of 
illumination on a surface as indicated by the foot-candles with 
the appearance as regards brightness of the surface. A gray 
surface lighted to an intensity of one foot-candle will not appear 


17 




8 


ELECTRIC LIGHTING 


so bright as a white one, for a greater proportion of the light 
falling upon the plane is absorbed and lost. The brightness of 
an object depends upon both the intensity of illumination on it 
and the percentage of light that it reflects. 

Having defined the foot-candle as a unit of intensity of 
illumination, we are naturally interested in seeing how the inten¬ 
sity of illumination varies as the candle-power of the source 
varies, and also as the distance of the plane from the source 
varies. It is obvious that if in Fig. 4 instead of an intensity 
of 1 candle along the line 5-4 we have an intensity of 2 candles, 
the illumination at A would be twice as great, and that if we 
have an intensity of 5 candles the illumination at A will be five 
times as great. Now, if we consider a source of 1 candle as 



shown in Fig. 6, we know that the intensity of illumination on 
A which is 1 foot distant is 1 foot-candle. If, however, we remove 
the plane A and allow the same beam of light that formerly was 
intercepted by A to pass on to the plane R, 2 feet away, we 
find, as shown in the diagram, that this same beam of light would 
have to cover four times the area of A; and, inasmuch as we 
cannot get something for nothing, we should find that the average 
intensity on jB, 2 feet away, would be one-fourth as high as that 
on A, 1 foot away, or one-fourth of a foot-candle. In the same 
way, if B also is removed and the same beam allowed to fall 
upon plane C, 3 feet away from the source, it will be spread over 
an area nine times as great as A, and so on; at a distance of 
5 ieet we should have only one-twenty-fifth of a foot-candle. 
From this we deduce that the intensity of Ulumination falls off, 
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not in proportion to the distance, but in proportion to the square 
of the distance. This relation is commonly known as the inverse- 
square law, and may be expre.ssed by the following equation: 



if the light rays are perpendicular to the plane of illumination. 
1\Tiere this is not the ca^e the formula becomes: 


1 = 


cp.Xcos a 


(Fig, o) 


I is illumination; cp. is candle- 
power of the source in the direc- 
tion of the plane; d is the distance 
in feet between the source and 
the point on the plane; a is the 
angle between the light rays and 
the plane. If the plane be hori¬ 
zontal and h is the distance of 
the soirrc eabove the plane, then 

d =- (Fig, 0 

cos a 



and 


Fig 7 Illuirunation on Surface Not at 
Right Angleb to Light Hays 




cp.Xcos^ a 


Table I gives values for 


cos® a 


for various heights (feetj of a 


lamp above the plane and for horizontal distances (feet) from 
a lamp. 

Important Relation Between Foot-Candle and Lumen. If we 
refer back to B of Fig. 3, we see that the surface OPQR is illumi¬ 
nated at every point to an intensity of 1 foot-candle. ^We also 
know by definition that the quantity of light falling on the 
plane OPQR is 1 luipen. This gives us the important law that 
if 1 lumen is so utilized that all the light is spread over a surface 
of 1 square foot, that surface will be lighted to an average 
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Attll* Between Li^ht Ray and Vertical, and Intensity of Ittumination In Foot-Candles on a Horizontal Plane Produced by a Source of One Candle-Power 
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intensity of 1 foot-candle. This relation greatly simplifies the 
designing of a lighting installation, for once the number of square 
feet to be lighted and the intensiu of illumination which it is 
desired to provide are known, it is a simple matter to find how 
many lumens must fall on the working plane. If, for example, 
it is desired to illuminate a surface of 100 square feet to an 
average intensity of 5 foot-candles, oOO lumens must be utilized. 

CandIe=Pow'er Measurements, A sketch of the simplest tx'pe 
of photometer is given in Fig. S. The essential part of this 
photometer is a vertical paper screen between the lamps to be 
compared, at the center of which is a grease spot. When the 
illumination on one side of the screen is greater than that on the 
other, the spot will on this side appear darker and on the other 
side lighter than the surrounding paper. By sliding the screen 
back and forth on the bar, a position can be found where the 



Fig 8 Essential Parts of HoruortuI PhotoiiK ter 


outlines of the spot will vanish and the spot itself will disappear. 
AVhen this condition obtains, the illuminations on both sides of 
the screen are the same. 

In order that both sides of the screen may be seen simul¬ 
taneously, mirrors are mounted obliquely behind the screen. 
It will be noted that at A, Fig. 9, the spot as viewed in the 
left-hand mirror is darker than its surroundings and as viewed 
in the right-hand mirror is lighter than its surroundings, which 
indicates that the left-hand side of the screen is illuminated to 
a higher intensity than the right. It will also be noted that at 
B the conditions are reversed; therefore, in this case the illumina¬ 
tion on the right side of the ^screen is greater than that on the 
left. Somewhere between these two positions is a position at 
which the spot will cease to be visible, as shown at C. 

The intensities of illumination on both sides of the screen 
at C are equal. Now, since we have a relation between the 
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intensities of illumination that the two lamps being compared are 
able to produce, we can reason back as to the relation between 
the candle-powers given, respectively, by lamps A and B, Fig. 9. 
The scale of the photometer shows us that at a distance of 60 
inches the lamp ..4 produces an illumination equal to that which 
the lamp B can produce at a distance of 40 inches. At first 

thought we might say that ^4 must give -L- as great a candle- 

power as R, but recalling the inverse-square law already referred 
to, which states that the intensity of illumination varies inversely 



Pig 9 Photometer and Screens. Case A, Screen at Left of Balance Point, Case B, Screen 
at Right of Balance Point, Case C, Screen at Balance Point 


as the square of the distance, or, what is the same thing, that 
the candle-power necessary to produce a given illumination varies 
as the square of the distance from the source to the plane, we 
see that the ratio of the candle-power of A to that of B instead 
of being 3 to 2 is 3^ to 2^ or 9 to 4. The horizontal candle- 
power of A, therefore, is two and one-fourth times that of jB. 
If B is a lamp of some known candle-power, the candle-power of 
A is determined by multiplying the candle-power of B by 2J. 
The general rule, then, is that the candle-powers of two lamps on 
a photometer are to each other as the squares of the distances 
tmxk each, to the screen are to each other. For accurate photom- 
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etry, the grease-spot screen is no longer in use, but the newer 
and more accurate photometers are the same in principle. 

The simple bar photometer measures candle-power in one 
direction only. If the lamp being measured is rotated about its 
axis, its mean horizontal candle-power is obtained. In like manner 
if the vertical axis of the lamp being measured is tipped and the 
lamp rotated on this axis, the average candle-power at any angle 
can be determined. 



Fig 10. Sphere Photometer 


Another form of photometer, known as the sphere photom¬ 
eter, or Ulbricht sphere, is shown in Fig. 10. In this photometer 
the lamp to be measured is placed at the center of a large 
sphere the inside of which is painted flat white/ In this sphere 
is a small window of milk glass. The candle-power emitted by 
this window is compared with the candle-power of a standard 
lamp. The candle-power of the window computed as above is 
directly proportional to the mean spherical candle-power or the 
total lumen output of the lamp in the sphere, so that multipl^Tng 
this candle-power by a constant factor which has been determined 
for this particular sphere gives the total lumen output direct- 
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Thus at one reading the mean spherical candle-power or the total 
lumen output of a lamp can be determined. A more detailed 
discussion of various types of photometers is given on pages 
190 to 202. 

Foot^Candle Measurements. It will be noted that in meas¬ 
uring the candle-power of light sources as discussed above, we 
balance the illumination on opposite sides of a screen. Often, 
however, we are interested in the illumination itself, that is, the 
foot-candle intensity which is being supplied over any given area, 
and care very little about the candle-power of the sources which 
supply the illumination. If we calculate the different foot-candle 
intensities to which one side of the screen of a photometer is 
illuminated when the distance between the screen and the stand¬ 
ard lamp is varied, and then place the screen so that the illumi¬ 
nation we wish to measure falls upon the opposite side of the 
screen, the balance of the photometer will give us a measurement 
of the foot-candle intensity,’. The differences between photometers 
used for measuring candle-power and those used for measuring 
foot-candles are chiefly those of form and calibration. 

An instrument called the foot-candle meter has recently been 
designed to measure foot-candle intensities quickly and with a 
fair degree of accuracy. It is very simple in operation, so light 
that it can easily be carried about, and so small that readings 
can be taken in very restricted spaces. The instrument is showm 
in Fig. 11. In operation, it is placed upon or adjacent to the 
surface on which a measurement of the foot-candle intensity is 
desired. A lamp within the box illuminates the under side of 
the screen to a much higher intensity' at one end than at the 
other. The illumination -which it is desired to measure is, of 
course, practically uniform over the entire scale. Closely spaced 
translucent dots, which serve the same purpose as the grease spot 
in the simple bar photometer, extend from end to end of the 
scale. If the illumination on the scale from the outside falls 
within the measuring limits of the meter (0.5-25 foot-candles) 
the spots will appear brighter at one end of the scale than at the 
other, and at the point where the spots are neither brighter nor 
darker than the white-paper scale the illuminations from within 
itud from without are equal. The scale is accurately calibrated 
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Kg. 11. Fortabfe Foot-Candle Meter 
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with the lamp within the box burning at a certain definite voltage. 
A voltmeter and rheostat permit the operator to adjust the lamp 
voltage to that at which the instrument was originally calibrated. 
The energy is supplied from small dry cells. 

This instrument is proving very serviceable for "^checking 
up’' installations to ensure, for example, that the illumination is 
ample when the lighting equipment is in first-class shape and to 
see that it is not allowed to fall below a desirable value owing 
to improper care being given to the lighting system. 

Candle-power Distribution Curves. The calculation of illumi¬ 
nation intensities in accordance with the formula on page 9, 
commonly known as the ^^point by point” method, required that 
the candle-power of the source at various angles (a) should be 
known and to this end the use of the polar-distribution curve, 
which indicated at a glance the candle-power of the lamp in all 
directions, was generally adopted. The greater simplicity and 
accuracy of the lumen method of computation has resulted in 
the “point by point” method falling into disuse, and distribution 
curves are now employed principally for comparing the suitability 
of reflectors for use in a given location from the standpoints, 
particularly, of light distribution and light absorption. 

Figure 12 represents three methods of showing the manner in 
which the candle-power of a unit measured at different angles can 
be recorded. The value at any angle represents the average 
candle-power of the source at that angle as the source rotates 
about its vertical axis. At the left of the figure the data are 
given in tabular form; at the center and the right they are plotted 
to polar co-ordinates. Distribution curves are used simply as a 
graphical method for presenting the data given in the table on 
the left. Ail have exactly the same meaning. A distribution 
cmve is a graphical—^not a pictorial—^representation of the light 
distribution from a source, although its general shape might con¬ 
vey the contrary impression. It is simply a convenient engineer¬ 
ing method of presenting tabulated data graphically. 

The area of a distribution curve is not a criterion of the total 
amount of light emitted by a source. In Fig. 13, both curves 
shown are taken from units giving exactly the same total lumens 
with different distributions of candle-power; although curve B, 
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appears to represent much more light than curve .1, the amount 
of light given off is the same in each ca^e. 

A common error in regard to distribution curves is to 
assume that simply taking the arithmetical average of the candle- 
powers at different angles as shown on the distributiun curve will 
give the mean spherical candle-power of the unit represented. 
To make the true relation clear, let us a^^ume a Maypole &et up 
at the middle of a hemispherical hollow and that one girl carries 
a streamer making an angle of 45 degrees with the vertical and 
another carries one making an angle of 15 degreea with the ver¬ 
tical. Due to the contour of the ground about the pule, both 
ribbons will be of the same length. Now, keeping our candle- 
power distribution curves in mind, let us ass>iime that the top of 




Fig 12. Three Methods of Recording Candle-Power Distribution Data 


the pole is the light source under consideration and that the 
length of each streamer represents the candle-power in its par¬ 
ticular direction. It is obvious that in order to make one revolu¬ 
tion about the pole, the girl holding the 45-degree streamer must 
travel a much greater distance than the other. In other words, 
she makes a bigger contribution to the general effect produced by 
the Ma^’pole. In fact, because of the greater circle she must 
describe, she has to do 2.7 times as much w^ork as the girl carry¬ 
ing the 15 degree streamer. In the erroneous use of a distribu¬ 
tion curve just referred to, only the length of the ribbon is taken 
into consideration. From our analogy it is apparent that the zone 
of travel of the ribbon, or the complete zone in which the candle- 
power at a given angle is effective, must also be taken into 
account. Just as in our Maypole the girl taking the 45-degree 
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circle ilocs 2.7 times as much work as the girl in the lo-degree 
circle, so the quantity of light necessary to maintain an intensity 
of one candle at the do-degree angle contributes 2.7 times as 
much to the total light output of the lamp as the quantity of 
light required to maintain one candle at 15 degrees. In other 
words, the farther up from the vertical and toward the hori¬ 
zontal the candle-power .shown on the distribution curve, the more 
weight it must be given as regards its contribution to the total 
quantity of light emitted by the source. 



Fig. 13 Ared of Distribution Curve Is Xot Criterion for Judging Light Output 
Curves A and B Represent Equal Light Outputs 


In computmg the total flux of light, we usually find it con¬ 
venient to calculate for zones of 10 degrees, and it is suflBciently 
accurate for most purposes to assume that the candle-power value 
at the center of each 10-degree zone represents the average candle- 
power of the zone. If we go back to the uniform source of one 
candle-power contained in a sphere having a 1-foot radius and 
divide the surface of this sphere into 10-degree zones, Fig. 14, 
then it is evident that since the intensity of light on all parts of 
the surface of this sphere is 1 foot-candle, the number of lumens 
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falling within an\' zone is numerically equal to one times the area 
of the surface of that zone in >quare feet. 

Lumens=foot-caudle- X 'square feet 

Again, if we place in the sphere a source whose candle-power 
distribution eur^e shows an average of IS candle-power in the 
SO~90 degree zone, tlien the total lumens emitted by the source 
in that zone equals IS tiine.^ the area of the zone in square feet. 
In other words, to find tlie lumens emitted in any zone when the 



candle-power is known, simply multiply the average candle- 
power directed into that zone by the area in square feet of that 
zone on a sphere of 1 foot radius. Table II gives the areas of 
these zones (the multiplying factors) for each 10 degrees. 

To use these factors with the curve of any light imit, we 
take first the candle-power at 5 degrees and multiply it by the 
0-10 degree factor to obtain lumens in the 0-10 degree zone; we 
take the candle-power at 15 degrees and multiply it by the 10-20 
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TABLE 11 


Areas of Zones 


Zone 

Area 


170°-1S0° 

0 0954 

10°-20'^ 

160^-170° 

0,283 

20'’-30“ 

150°-160° 

0.463 

30"-40'‘ 

140®-150° 

0 628 

40°-50® 

130®-140° 

0.774 

50^-60*^ 

120®-'130° 

0.897 


110®-120° 

0.992 

70^-80** 

100'=*-! 10° 

1.058 

80"-90® 

QO^-lOO® 

1.091 


degree zone factor to obtain the liunens in the 10--20 degree zone, 
etc. The total lumens for any large zone, for example, in the 
lower hemisphere, is the sum of the lumens thus determined in 
all of the 10-<iegree sections. 

A short-cut graphical method of determining the flux in any 
10-degree zone is as follows: First measure the horizontal dis- 

V ^ between the vertical 

I axis and the point where the 
candle-power curve crosses 
the center of the zone under 
consideration. Then lay off 
this distance on the candle- 
power scale to which the 
curve is plotted. By adding 
10 per cent to this figure, 
we obtain a value which rep¬ 
resents the lumens in that 
zone. Where it is desired to 
obtain the summation of the 
lumens in a number of 10- 
degree zones, for example, 
A from 0 degrees to 60 degrees, 
Kg. 15. Method of Finding Summation of it is Convenient to mark off 

Lumenain Number of 10-D^ee Zones ,, . , , i t* . / 

these horizontal distances (to 
the center of each 10-degree zone) successively on the edge of 
a sheet of paper. Fig. 16. The value for the total lumens is then 
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found by simply laying off the total Jength on the candle-power 
scale and adding 10 per cent to the result. 

In Fig. 15 it will be found, for example, that the sum of the 
distances laid off for 5, 15, and 25 degrees is equivalent to a 
reading of approximately 130 on the candle-power scale. The 
sum of the lumens in the 0-10, 10-20, and 20-30 degree zones 
(the 0-30 degree zone) is therefore 130 plus 10 per cent, or 143 
lumens. This method depends for its accuracy upon the fact 
(which is susceptible of mathematical proof) that the area of any 
10-degree zone on a unit sphere is very nearly equal to 1.1 times 
the mean radius of the zone in feet (1.098 times, to be exact?. 
The proof of this theorem is beyond the scope of this volume. 

DEFINITIONS* 

Candle is the unit of luminous intensity maintained by the 
national laboratories of France, Great Britain, and the Ignited 
States (often termed '‘international candle’'). 

Candle=power (c-p.) is luminous intensity expressed in candles. 

Lumen (1) is the unit of luminous flux equal to the flux 
emitted in a unit solid angle (steradian) b\ a point source of 
unit candle-power. 

Foot=candle is a unit of illumination equal to one lumen per 
square foot. 

Lux is a unit of illumination equal to one lumen per square 
meter. 

Performance curve is a curve representing the behavior of 
a lamp in any particular—candle-power, consumption, etc.—at 
different periods during its life. 

Characteristic curve is a curve expressing a relation betw^een 
two variable properties of a luminous source, as candle-power 
and volts, candle-power and rate of fuel consumption, etc. 

Horizontal distribution curve is a polar curve representing 
the luminous intensity of a lamp, or lighting unit, in a plane per¬ 
pendicular to the axis of the unit, and with the unit at the origin. 

Vertical distribution curve is a polar curve representing 
luminous intensity of a lamp, or lighting unit, in a plane passing 
through the axis of the unit and with the unit at the origin. 

"‘From I.E.S. Committee on Nomenclature and Standards. 
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Unless otherwise specified, a vertical-distribution curve is assumed 
to be an average vertical-distribution curve, such as may in many 
cases be obtained by rotating the unit about its axis, and measur¬ 
ing the average intensities at the different elevations. It is 
recommended that in vertical-distribution curves, angles of ele¬ 
vation shall be counted positively from the nadir as zero, to 
the zenith as ISO degrees. In the case of incandescent lamps, it 
is assumed that the vertical-distribution curve is taken with the 
tip douTiward. 

Mean horizontal candle=*po\\er (mho.) of a lamp is the average 
candle-power in the horizontal plane passing through the luminous 
center of the lamp. 

Mean spherical candle=power fsc-p.) of a lamp is the average 
candle-power of a lamp in all directions in space. It is equal 
to the total luminous flux of the lamp in lumens divided by 47r. 

Mean hemispherical candIe=power of a lamp (upper or lower) 
is the average candle-power of a lamp in the hemisphere con¬ 
sidered. It is equal to the total luminous flux emitted by the 
lamp in that hemisphere divided by 27r. 

Mean zonal candle=po\\er (mzc.) of a lamp is the average 
candle-power of a lamp over the given zone. It is equal to the 
total luminous flux emitted by the lamp in that zone, divided by 
the solid angle of the zone. 

Spherical reduction factor of a lamp is the ratio of the mean 
spherical to the mean horizontal candle-power of the lamp. 

PROBLEMS 

1. If a lamp produces an intensity of 5 foot-candles on a 
plane 8 feet distant, what is its candle-power? 

2. How many foot-candles would it produce on a plane 
10 feet distant? 

3. If this latter plane were inclined at an angle of 45 degrees 
to the light rays, what would be the intensity upon it? 

4. Find the intensity of illumination at a point on a hori¬ 
zontal plane 8 feet below the light source whose distribution curve 
is given in Fig. 12. 

5. Find the illumination at a point on the same plane 
6 feet out from the point designated in Problem 4. 


32 



ELECTlilC LICiHTIXG 


23 


ti. Find the lumens in the curve given in Fig. G2, between 
d and 40 degrees. 

7. Compute the lumens in the two curves given in Fig. 13, 
first by the zone-factor method, and second by the graphical 
method, utilizing a narrow strip of paper. Compare the results. 

A ns. 075 lumens 

ELECTRIC ILLUMINANTS 

History and De\eIopment. The history of electric lighting 
as an industry begins with the invention of the Gramme dynamo 
by Z. J. Gramme, in 1S70, together with the introduction of the 
Jablochkoff candle, or light, which was first announced to the 
public in 1S7G, and which formed a feature of the International 
Exposition at Paris in 1S78. Up to this time, the electric light 
was known to but few investigators, among them Sir Humphrey 
Davy, who in ISIO had produced the first arc of any considerable 
magnitude. This arc, then called the voltaic arc, resulted from 
tlie use of two wood-charcoal pencils as electrodes and a power¬ 
ful battery of voltaic cells as a source of current. 

From 1840 to 1S59, many patents were taken out on arc- 
lamps, most of them operated by clockwork, but the lamps were 
iK^t successful, owing chiefly to the lack of a Miitable source of 
current, since all depended on primary cells for their power. The 
interest in this form of light died down about 1S59, and nothing 
further was attempted until the advent of the Gramme dynamo 
in 1870. 

The incandescent lamp was only a piece of laboratory appa¬ 
ratus up to 1878, at which time Edison produced a lamp using 
a platinum spiral in a vacuum as a source of light, the platinum 
being rendered incandescent by the passage of an electric cur¬ 
rent through it. The first successful carbon filament, formed 
from strips of bamboo, was made in 1879. The names of 
Edison and Swan are intimately connected with these early 
experiments. 

From this time on, the development of electric lighting has 
been very rapid and the consumption of incandescent lamps alone 
has reached several hundreds of millions eaqh year. 
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INCANDESCENT LAMPS 

If a current is passed through any solid conductor, the latter 
gradually becomes heated, to a degree dep^ding upon the resist¬ 
ance of the conductor and the strength of the current. If the 
conditions are such that the substance may be heated in this way 
until it gives out light, i.e., becomes incandescent and does not 
deteriorate too rapidly, we have an incandescent lamp. 

Carbon was the first successful material to be chosen for this 
conductor, and for a long time all attempts to substitute any 

other substance in place of 
carbon failed. Within the 
last few years metallic fila¬ 
ment lamps have been intro¬ 
duced commercially with 
great success, and the carbon 
incandescent lamp is now 
used only for special pur¬ 
poses, such as in the case of 
very rugged, low candle- 
power units operated at com¬ 
mercial voltages. 

Tungsten lamps are now 
used in the majority of cases, 
and these and other types 
vrhich have proved entirely 
or partially successful will be 
treated later. The present 
form of carbon incandescent lamp has, however, been much 
improved over the first forms, and, owing to the historical impor¬ 
tance of this lamp, the method of manufacture will be briefly 
considered. The several stages in the manufacture of the incan¬ 
descent lamp are shown in Fig. 16. 


st&m 


Trfr 




cnc^r V 



Fig 16. Different Stages in Manufacture of 
Incandescent Lamp 


CARBON-FILAMENT TYPE 

Method of Manufacture. Preparation of the Filament, Cellu¬ 
lose, a chemical compound rich in carbon, is prepared by treating 
absorbent cotton with zinc chloride in proper proportions to form 
a uniform gelatine-Iike mass. This material is .then forced, 
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“squirted/’ through steel dies into alcohol, the alcohol ser\dng to 
harden the soft transparent threads, which are then dried, cut to 
the desired lengths, wound on forms, and carbonized by heating 
to a high temperature away from air. During carbonization the 
material becomes hard and stiff, assuming a permanent form; 
after cooling, the filaments are removed, measured, and inspected. 

Mounting the Filament. After carbonization the filaments 
are mounted or joined to wires leading into the globe or bulb. 
These wires are made of platinum, which expands and contracts 
at the same rate as glass with change in temperature and which, 
at the same time, will not be melted by the heat developed in 
the carbon. Since the bulb must remain air-tight, a substance 
expanding at a different rate from the gla»s cannot be used. 

Flashing. Filaments prepared and mounted in the manner just 
described are fairly uniform in resistance, but it has been found that 
their quality may be much improved and their resistance very 
closely regulated by depositing a layer of carbon on the outside of 
the filament by the process of flashing, i.e., heating the filament to a 
high temperature in a hydrocarbon gas, such as gasoline vapor, 
under partial vacuum. Current is passed through the filament to 
accomplish the heating. The effects of flashing are as follows: 

(1) The diameter of the filament is mereased by the deposited carbon, 
and hence its resistance is decreased The process must be discontinued when 
the desired resistance is reached Any httle irregularities m the filament will 
be ehmmated since the smaller sections, having the greater resistance, become 
hotter than the remainder of the filament and the carbon is deposited more 
rapidly at these points. 

(2) The surface is changed from a dull black and comparatively soft 
coating to a bright gray and much harder one, and the process lengthens the life 
and increases the efficiency of the filament. 

Exhausting the Bulb. After the flashing, the filament is 
sealed in the bulb and the air exhausted through a tube, as 
shown at A, in Fig. 16, The exhaustion is accomplished by means 
of mechanical air pumps, supplemented by Sprengle or mercury 
pumps and chemicals. Since the degree of exhaustion must be 
high, the bulb should be heated during the process so as to drive 
off any gas which may cling to the glass. Exhaustion is neces¬ 
sary for several reasons: 

(1) To avoid oxidization of the filament. 

(2) To reduce the heat conveyed to the globe. 
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After the exliaustion, the tube is sealed and the lamp com¬ 
pleted for testing by attaching the base by means of plaster of 
Paris or other cement. ^ 

Voltage and Candle=Power. Incandescent lamps of the carbon 
type vary in size from the miniature battery and candelabra 
lamps to those of several hundred candle-power, though the 
latter are very seldom used. The more common values for the 
candle-power are 8, 16, 2o, 32, and 50, the choice of candle-power 
depending on the use to be made of the lamp. 

The voltage will vary, depending on the method of distribu¬ 
tion of the power. For what is knovm as “parallel distribution,” 
110 or 220 volts are generally used. For the higher values of 
the voltage, long and slender filaments must be used, if the 
candle-power is to be low; lamps of less than 16 candle-power 
for 220-volt circuits are not practical, owing to difficulty in manu¬ 
facture. Battery lamps operate on from 1 to 24 volts, but the 
vast majority of lamps for general illiunination are operated at 
110 volts, or thereabouts. 

EiBSciency. The efficiency of a lamp is the ratio between the 
watts input and the light output. Thus if a carbon lanip con¬ 
sumes f ampere at 112 volts and gives 16 candle-power (200 
lumens), the total wattage is |X112, which equals 56 watts; and 
the efficiency may be expressed as 

56-^16 = 3.5 watts per candle 

or, preferably, 

20056=3.6 lumens per watt 

By increasing the voltage on a lamp the total wattage, and 
hence the quantity of energy which must be dissipated as heat 
from the filament, is rapidly increased, and the temperature of 
the filament rises. Not only is the light input increased, but its 
efficiency also; for, as shown in Fig. 17, the efficiency of a lamp 
is very sensitive to increases in temperature. Of course, if the 
temperature were raised continually, a point would eventually 
be reached where the lamp would fail through melting of the 
filament. At a considerable time before this, however, we should 
find that lamp performance had become very unsatisfactory owing 
to the rapid evaporation of the filament and its reappearance as 
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a black coating on the inner surface of the lamp bulb. As a mat¬ 
ter of fact, the useful life of a carbon lamp is taken as the time 
which elapses before the lamp has dropped 20 per cent in candle- 
power owing to the formation of this deposit; for it has been 
found less expensive to replace lamps when they have reached 
this point, than to continue to operate them at a decreasing effi¬ 
ciency. The aim of the manufacturer is to produce a lamp of 
the highest possible efficiency compatible with a reasonably useful 
life—300 to SOO hoiu-s. The life of a lamp at 3.1 watts per 
candle (310° C.) is about one-half of that at 3.5 watts (1300° C.). 

Preparation of Gem Metallized Filament. MTien an ordinary 
filament is run at a high temperature in a lamp, there is no 
improvement of the filament, but it w'as discovered that if the 
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Fig 17 Vjiriationb in Etficieucy of Incandescent Lamp with Temperature 

treated filaments were subjected to the extremely high temperature 
of the electric resistance furnace—3000 to 3700 degrees centigrade 
—at atmospheric pressure, the physical nature of the carbon was 
changed and the resulting filament could be operated at a higher 
temperature in the lamp and consequently higher eflSciency, and 
still maintain a life comparable to that of a 3.1-watt lamp. 
Lamps with filaments so treated were called “metallized filament,” 
or Gem, lamps. Their operating efficiency was 2.5 watts per 
candle, and for this reason they soon became popular in replacing 
the earlier 3.5- and 3.1-watt carbon lamps. 

METALLIC-FILAMENT TYPE 
Tantalum Lamps 

Nature of Filament. The first of the metallic filament lamps 
to be introduced to any considerable extent commercially was the 
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tantalum lamp. Dr. Bolton of the Siemens & Halske Company 
first discovered the methods of obtaining the pure metal tantalum. 
This metal is rendered ductile and drawn into slender filaments 


for incandescent lamps. Tantalum has a high tensile strength and 
a high melting point, and tantalum filaments are operated at 
temperatures much higher than those used with the carbon-fila¬ 
ment lamp. On account of the comparatively low specific resist¬ 
ance of this material, the filaments for 110-volt lamps must be 
long and slender, and this necessitates a special form of support. 
Figs. 18 and 19 show some interesting views of the tantalum lamp 



and the filament. This lamp is operated 
at the efficiency of 2 watts per candle- 
power, and has a life comparable to that 
of the ordinary incandescent lamp. By 
special treatment it is possible to increase 
the resistance of the filaments so that they 


Fig 18 Round-Bulb Tantalum Fig 19. Tantalum Filament before and after 

Lamp One Thousand Hours’ Use 


ms[y be shoi^er and hea\fier than those used in the first of the 
tantalurq,^ lamps. It should be noted that the life of a lamp of 
thg bn alternating current circuits, is somewhat uncertain; 
it is much more satisfactory for operation on direct-current 
circuits. The tantalum lamp is no longer manufactured in this 
country. 

Tungsten Lamps 

Early Methods of Preparing Filament. Following closely 
upon the development of the tantalum lamp came the tungsten 
lamp. Tungsten possesses a very high melting point. An indirect 
method was originally employed in forming filaments for incan¬ 
descent lamps and there were several of these methods in use. 
One method consisted of the use of powdered tungsten and some 
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binding material, sometimes organic and in other eases metallic. 
The powdered tungsten was mixed with the binding material, the 
paste squirted into filaments, and the bimling material was* then 
expelled, usually with the aid of heat. Another method of manu¬ 
facture consisted of securing tungsten in colloidal form, squirting 
it into filaments, and then changing them to the metallic* form by 
passing electric current through them. 

Difficulties in Pro\iding Required Durabilit}’. Tungsten lamps 
as formed by any (if the above or similar processes, are extremely 
fragile, especially when cold, and the tungsten lamps in their early 
forms required very careful packing for shipment; were easily 
broken in ordinary service; could not be used satisfactorily where 
there was appreciable vibration; and there was a considerable 
reduction in candle-power with use, due to the blackening of the 
bulb. The first commercial tungsten lamps were produced in 
1907, or thereabouts, and the development of the lamp has been 
continuous since that time. An efficiency of about 1.25 watts per 
candle-power was early realized for lamps of 100 watts rating or 
higher, and lamps consuming 40 and GO watts were soon available. 
In 1911 a process was developed for preparing tungsten in ductile 
form, and wiredrawn filaments were made. These filaments 
proved to be much stronger than the filaments prepared \jy. 
processes, but still further development has made the 
wiredrawn filaments as much more rugged thau the first drawn 
filaments as these were stronger than the filaments made by othef 
processes. 

Wiredrawn Filaments. In the first stages oT development, 
wiredrawn filaments were prepared only with the very greatest 
difficulty, but the wire can now be produced in any desired length 
and very uniform in cross section. The material for the filaments 
comes to the filament factor}' in the form of a concentrated 
tungsten ore from which tungstic oxide is obtained. This oxide is 
reduced by a special process requiring the agency of an electric 
furnace to produce tungsten metal in a powdered form. This 
tungsten metal is compressed into ingots about 6 inches long 
by i inch square and again heat-treated in an electric furnace, 
the effect of which treatment is to strengthen the ingot and 
make the material a good conductor of electricity. The 
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material is then subjected to a temperature near the melting 
point in an atmosphere of hydrogen, and the result of this treat¬ 
ment is to weld the tungsten particles firmly together. The ingot 
is then heated and swaged and the process repeated until it forms 
a rod about .03 inch in diameter and 30 feet long. This rod ib 
hot-drawn through special diamond dies and finally reduced to 
the desired size, the final drawings being made at lower tempera¬ 
tures or cold. Graphite is used as a lubricant during the process 
of drawing. The filament of a 10-watt, 110-volt lamp is about 
.00075 inch in diameter, a remarkably fine wire. The rest of the 
manufacture of the tungsten lamp is not unlike that of the carbon 
incandescent lamp already described. 

Although titanium, zirconium, and iridium have been suc¬ 
cessfully employed for the filaments of incandescent lamps, only 
tungsten is now used to any great extent in the United States. 
Table III gives the melting points of some highly refractory metals, 
including the above. 

Qas=Filled Lamps. Refinements in the manufacture of tung¬ 
sten-filament lamps, such, for example, as the use of chemicals in 
the bulb to prevent blackening, have resulted in a gradual increase 
in the efficiency of the unit. An economy of one watt per candle 
in all the larger sizes is now attained. 

In 1913 was developed the gas-filled lamp, a lamp having a 
bulb filled with an inert gas—^nitrogen or argon. This lamp under 
favorable conditions showed an efficiency nearly twice that of its 
predecessors. The function of the gas in the bulb is to retard the 
evaporation of the filament. This evaporation takes place rapidly 
in a vacuum; with the gas it is possible to run the filament 
much nearer to its melting point than had previously been found 
practicable. The disadvantage of the gas was of course that it 
occasioned a serious loss due to transference of heat from the 
filament by convection. This loss w'as minimized as far as pos¬ 
sible by tightly coiling the filament, a procedure which of course 
was impracticable before the development of the drawn-wire 
filament. At the present time the loss of efiSciency due to carry¬ 
ing away of heat by the gas in a 40-watt lamp just about offsets 
the gain due to higher operating temperature. In all sizes larger 
than this the efficiency of the gas-filled lamps is greater than for 
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TABLE in 

Melting Point of Highlj Refractor> Metals 

^ ^ , ApnruAT'atc* Poirn 

* * * lit Df'ii'i’Pf n Cpiitijira* ip 


T(in££-tf II o0S0~3200 

Titanium 3000 

Tantalum 2900 

O-miuni 2500 

* Piatmuin 1775 

; Zirconium 1500 

I Silicon , 1200 

i Irnlium 3500-4500 

; Carbon (nut a mntiu • 3000 


the correspijndinc^ vacuum type. In smaller >izes the vacuum 
lamps are preferable. 

Today the tunj^steu-filament lamp, sold largely under the 
trade-mark “Mazda," has replaced the earlier tAp^a of incan¬ 
descent units for almo.^t every service. The lamp^ are available 
in various tx'pes for street lighting, flood lighting, train lighting, 
automobile lighting, motion-picture projection, and many other 
classes of service. The principal sizes and tjs’pes are listed in 
Table IV and illustrated in Fig. 26. Vliile the increa^e in 
efflciency of Mazda lamps is their most important advantage over 
earlier types, there are other points of superiority which should 
not be overlooked. 

First, the tungsten filament as distinguished from the carbon, 
has a positive temperature coeflScient, hence a given change in 
voltage does not produce so great a change in candle-power and 
consequently in light output, as in the case of the carbon, Fig. 20. 
Second, the light from the tungsten filament is whiter than that 
from other incandescent lamps. 

Daylight Lamps. The color quality of the light from a dear- 
bulb lamp depends primarily upon the temperature of the fila¬ 
ment. As the temperature increases, the light becomes of a whiter 
quality. At the temperature at which the filament of the Mazda 
B lamp is operated, the light has an excess of red and yellow 
rays when compared with average natural daylight. This char¬ 
acteristic has been present throughout the centuries in which 
lighting sources have evolved from the torch to the incandescent 
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TABLE IV—Continued 

Principal Types and Sizes of Mazda Lamps—Continued 
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TABLE IV—Continued 
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MAZD4. B Lamps for Electric Street-Railway Service for Use 5 in Series on 525, 550, 575, 

600, 625 and 650 Volts (Schedule 5) Straight-Side Bulbs 

TU 87S ^iTo 079 »49 2^ 51 Med &ciew lOO Any 

141 8 91 ♦SSOO 0 79 S-19 24 5^ Med sciew 100 Any 




TABLE IV—ContiiiiieJ 

Principal Types and Sizes of Mazda Lamps—Continued 
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electric lamp. The influence of this characteristic is manifest 
in tiie red, brown, and amber tones which predominate in the 
decorations of rooms desi^-ned to appear at their best under 
artificial light. That a light of this quality is essential to such 
color schemes is e\'ideiiced by the frequent choice of amber- 
colored shades. 



An artificial illiuninant whose color quality is approximately 
the same as natural daylight is welcomed by many as opening 
new possibilities in interior decoration and design. Nor is this 
the only field for such illumination. The lighting of show win¬ 
dows, store interiors, and even industrial plants can be greatly 
improved by the use of the whiter light. It has always been 
possible to modify, by the use of color screens, the light of Mazda 
B lamps to secure any desired color, but a modification to light 
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of daylight quality was aoeompaiiied hy a givat -ncvinre in effi¬ 
ciency. The development of tlie Mazd.a C lamp wa- a stej) 
toward overcoming this difficulty. Since tlie nlameiit of the 
Mazda C lamp operates at a higher teniperatnr‘% it- light when 
unscreened is of a whiter quality than that of the Maz<Ia B lamp, 
and the necessary color screen need in^t he <len-e. The result¬ 
ing decreased absorption, together with the higher efficiency of tl.e 
Mazda C lamp, makes possible the production of liuht of approxi¬ 
mate daylight quality at an efficiency which i^ not prohiintive to 



CARBOte MAZDA O MAZDA O MAZDA CS 

LAMf> JLAM/^ LAMf» LAMP^ 

Fig 21. Comparison of Color Qualitj of LijiLr ot Incandts en* Lamps 


its general use. The Mazda C-2 lamp has the proper screening 
properties incorporated in the glass of the bulb. The excess 
red and j^ellow rays of the light are absorbed, while the blue and 
green rays are permitted to pass through; thus a light of after¬ 
noon-sunlight quality is produced at an efficiency about equal to 
that of the Mazda B lamp. ^Miile the color quality of such a 
light is sufficiently near that of daylight to serve for general 
illumination, and from this standpoint is a decided improvement 
over the light emitted by the imcolored-bulb lamps, it is not of 
the proper quality to permit extremely accurate color matching. 
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Where an accurate duplication of north-sky light is necessary, 
units employing Mazda C lamps and properly designed color- 
screen plates should be used. The light from such units is of 
c'cmstant quality and therefore more dependable than the natural 
north sky, which varies in quality from day to day. 

The diagrams of Fig. 21 show a comparison in primary color 
content of the light of carbon, Mazda B, Mazda C, and Mazda 
G-2 lamps. In this figure 100 per cent red, 100 per cent green, 
100 per cent blue, is taken for average daylight, not north-sky 
light, which has more blue. It can be seen that a very decided 
improvement in the color quality of artificial light has been 



effected from the time the carbon lamp was used down to the 
present. 

Life Performance. If Mazda B lamps are operated at the 
voltage for w’hich they are labeled, the lumen output at the end 
of their rated life usually averages not less than 85 per cent of 
its initial value. The decrease in wattage and current during life 
is represented by a practically straight-line curve showing a drop 
at the end of rated life of about 3 per cent. The curve showing 
the per cent lumens per watt follows the lumen curve closely, 
decreasing in value at a slightly lower rate because of the decrease 
of W’attage with life. These curves for Mazda B and Mazda C 
lamps are shown in Figs. 22 and 23, respectively. Because of the 
convection currents set up by the gas in Mazda C lamps, the 
evaporated txmgsten is deposited higher up in the bulb, where it 
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TABLE V 


Result of Life Test on 100 60*Watt Mazda B Lamps 


Hours Burned 

0 200 

400 

600 SfJO 

KXIO 

120‘J 

1400 

ItiOiJ 

ISOO 

Number Lamps 
Remaining 

100 97 

94 

S9 77 

fX> 

39 

17 

3 

0 


does not interfere to any great extent with the transmis-^ion r»f 
light. For this reason Mazda C lamps, operated in the usual 
pendent position, maintain an even higher percentage of initial 
candle-power than do Mazda B lamps. This difference is mo^t 
marked -within useful angles. 

The life rating of multiple Mazda lamps is determined the 
average results of exhaustive tests on many groups of lamps. 
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Fig 23. Tjpical Performance Ciirves of Mazda C Lamps 


Table V shows the results of a t\'pical life test on 100 60-watt 
Mazda B lamps. It can be seen that of the lot of 100 lamps, 40 
lamps failed before burning 1000 hours, and 60 lamps burned 
beyond that period. Since these data are topical, qualitativeh^ of 
the average results which may be expected from all multiple 
Mazda lamps used for ordinary purposes of illumination on cir¬ 
cuits of 110 to 125 volts, it follows that in a new installation of 
multiple Mazda lamps, all the lamps cannot be expected to burn 
for the period of their average rated life and then fail simultane¬ 
ously. It has been found from ser\dce experience that for a period 
of 4000 to 5000 burning hours after a new installation is made, there 
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is a variation or fluctuation in the rate of lamp renewal (the renew¬ 
als per day, per week, etc.). The range of variation becomes 
narrower as time goes on, imtil the rate of lamp renewal finally 
becomes constant. This variation is often attributed to irregu¬ 
larities in lamp quality, but analysis shows that this variation 
follows naturally from the burn-out characteristics of incandescent 
lamps. 

In the first several hundred hours" operation of a large 
installation in which all the lamps are new, a small percentage of 



the lamps will burn out. However, as the period of burning 
approaches the average rated life of the lamps, the rate of burn¬ 
out will increase. The solid-line curv-e of Fig. 24 is a survivor 
curve derived from the results of the tests mentioned above, 
which shows the rate of burn-outs from the time the installation 
is first put in operation until the last original lamp has failed. 
It can be seen from the curve that for the first 500 hours of 
service the lamp failures are comparatively few, but the rate 
of mortality steadily increases up to a short time subsequent to 
the rated average life of all the lamps, 1000 hours. From this 
time on, the rate of mortality decreases continuously until all 
the initial lamps have failed. 
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The broken4ine curve of Fig. 24 represents the variation in 
lamp renewals per 200-hour period for a group of lamps which 
have a survivor curve similar to the solid-line curve of the same 
figure. Obviously, the failm‘es of the renewal lamps will occur 
at a somewhat later period than the failures of the original lamps. 
If the failures of the renewal lamps are added to the failures of 
the initial lamps, it can be seen that at some time, more or le^s 
closely corresponding to the peak of the dotted-line curve, there 
will be a peak in the total-renewal curve. The cur\^e of Fig. 25 



presents this phenomenon. The first peak in the total-renewal 
curve, which is approximately 40 per cent above normal, occurs 
about 1300 average binning hours after the initial installation. 
Corresponding to the subsequent decline of the dotted-line curve 
of Fig. 24, the total-renewal curve shows a decided decline from 
the first peak, indicating that the rate of renewal may be expected 
to decrease to about 70 per cent of its normal value at 1750 
hours. As time goes on, the oscillations of the renewal-rate curve 
show a decrease in range, and finally, at from 4000 to 5000 burn¬ 
ing hours, it becomes practically constant and normal. The aver- 
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age renewal rate for the total period will, of course, be the same 
as if the renewal rate were normally constant from the beginning. 

110-220 Volt Circuits. As previously stated, all multiple 
lamps have essentially the same operating characteristics. How¬ 
ever, owing to the necessary difference in construction, the quality 
of service rendered by 220-250 volt lamps is not the equal of that 
rendered by the 110-125 volt lamps of the same wattage. Briefly 
stated, the filaments of 220-250 volt lamps are necessarily longer, 
and of smaller diameter, than those of 110-125 volt lamps. 
Otv'ing to the longer filaments, a greater number of supports must 
be provided for 220-250 volt lamps. With the greater length of 
filament and the added number of supports, there is an increased 
tendency to short-circuit parts of the filament. There is also a 
greater tendency for the current to arc and cause an immediate 
failure of the lamp. 

Since the filaments of the 220-250 volt lamps are of smaller 
diameter than those of the 110-125 volt lamps, the temperatmre 
at which they can be operated with normal life is somewhat 
low^er than that at which the filaments of 110-125 volt lamps 
operate, and the light output per watt, therefore, is less (see 
Table III). 

Where 220 volts only is available, the practice of burning 
2 lamps of the 110-volt class across 220-volt lines has met with 
considerable favor. Under these circumstances, however, slightly 
less than normal life is to be expected from the lamp; for, although 
two new lamps usually operate satisfactorily in series, one lamp 
naturally fails sooner than the other, and when a replacement is 
made the resistance of the two lamps will be higher than that of 
two new'' lamps and less than that of two old ones, since the resist¬ 
ance of lamps increases with burning. Hence, the new lamp will 
receive slightly less than normal current and will give less than 
normal candle-powder, while the old lamp will be forced to carry 
a somewhat hea\der current than it would normally carry at that 
period of its life and wiU, therefore, fail earlier than it otherwise 
would. This, howdever, has its compensations, for the old lamp is 
not so likely to fall below 80 per cent candle-power. 

A more serious disadvantage of operating two lamps in series 
is that the failure of either lamp means doing away with both; 
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thus a relatively large area is left without sufficient light, and the 
time of several persons may be lost while the defective lamp is 
being located and the replacement made. Obviously, in industrial 
plants and shops, accident risk under these conditions is increased 
over that when only one lamp is out. 

Because of these factors, in the great majority of plants 
where 220-250-volt lamps are now used the most satisfactory 
and economical lighting results are to be secured by providing 
110-volt potential for the lamps by placing a balancer between 
the 220-volt lighting feeders and running a third, or neutral, wire 
to the main distributing points. The purpose of the balancer is 
to maintain equal voltage on the two sides of the 3-wire 
circuit despite unequal loading. For alternating-c*urrent cir¬ 
cuits, a simple balancer coil suffices; for direct current, a small 
mechanically coupled shunt or compound-wound motor set is com¬ 
monly used. 

Since the current which the balancer must carry is deter¬ 
mined by the degree of unbalancing, the capacity of the apparatus 
required in any given case depends upon the magnitude of the 
lighting load and upon how nearly the conditions of installation 
will allow the circuits in the panel boxes to be made to balance. 
Obviously, the greater the number of properly connected circuits, 
the smaller the chance for serious unbalancing to occur. In 
practice, the size of the balancer installed ranges from about 10 
per cent of the total connected lighting load to 20 or even 25 
per cent, according to the size of the load and how well the cir¬ 
cuits may be divided. The capacity of the balancer set as used 
here is in terms of the current flowing in either machine multi¬ 
plied by the total impressed voltage of 220-250-volts, or, what is 
the same thing, the current flowing in the neutral multiplied by 
half the impressed voltage. 

Space does not admit of a comparison between the operating 
cost of 110- and 220-volt lighting systems; however, in most cases 
this entire expense is offset by the reduced cost of lamp renew'als 
and energy during the first year or 3 ^ear and a half of operation. 
It should be borne in mind also that where the wattage of the 
lamps is kept the same as before, the illumination -will be increased 
by from 10 to 20 per cent, an improvement which is usually very 
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acceptable in view of the general rise in the standard of illumi¬ 
nation. 

Burning Positions for Mazda Lamps. Mazda B lamps 
operate equally well in all positions. ]Mazda C and Mazda C-2 
lamps in sizes larger than 150 watts are not regularly supplied 
to burn in positions other than the vertical, tip down. While 
it is possible to modify the construction of the lamps of larger 
size so that they will operate fairly well in positions other than 
tip downward, in practically all cases it will be advisable to 



modify the auxiliary equipment so that regular lamps may be 
utilized. 

The chief t\q)es of Mazda lamps are illustrated in Fig. 26. 

NERNST LAMP 

The Xernst lamp is still another form of incandescent lamp, 
one t\q)e of which is shown in Fig. 27. The lamp is no longer 
manufactured, but, as it was used quite extensively at one time, 
a brief description is given here. 

Glower. For the incandescent material of this lamp certain 
oxides of the rare earths were used. The oxides were mixed in 
the form of a paste, then squirted through a die into a string. 
The strings, after being subjected to a roasting process, formed the 
filament or glower material of the lamp. The more recent glowers 
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were made hollow instead of solid. The glowers were out to the 
desired length and platinum terminals attached. The attachment 
of these terminals to the glowers was an important process in the 
manufacture of the lamp. The glowers were hc-ited to ineaii- 
descence in open air, a vaciiiun not being required. 

Heater. As the glower is a nonconductor when cold, >ome 
form of heater was necessary to bring it up to a temperature at 
which it would conduct. One form of heater consisted of a por¬ 
celain tube placed just above the glower, about which a fine 
platinum wure was wmund; the wire was 
coated with a cement. Two or more of 
these tubes %vere mounted directly over 
the glower or glowers, and served as a 
reflector as well as a heater. 

The heating device w’as connected 
across the circuit when the lamp ^as 
first turned on, and it had to be cut out 
of circuit after the glowers became con¬ 
ductors in order to save the energy con¬ 
sumed by the heater and to prolong the 
life of the heater. The automatic cut¬ 
out w^as operated by means of an elec¬ 
tromagnet, so arranged that current 
flowed through this magnet as soon as 
the glower became a conductor, and 
contacts in the heater circuit were opened 07 

by this magnet. The contacts in the Muit.iv.L-Giu’*vcr 

heater circuit were kept normally closed, usually by the force of 
gravity. 

Ballast. The conductivity of the glower increased with the 
increase of temperature—the material has a negative temperature 
coefficient; hence, if it were used on a constant-potential circuit 
directly, the current and temperature would continue to rise until 
the glower w^as destroyed. To prevent the current from increasing 
be\^ond the desired value, a ballast resistance was used in series 
with the glow^er. As is w^ell known, the resistance of iron wire 
increases rapidly with increase in temperature, and the resistance 
of a fine pure-iron wire was so adjusted that the resistance of 
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the combined circuit of the glower and the ballast became con¬ 
stant at the desired temperature of the glower. The iron wire 
had to be protected from the air to prevent oxidization and too 
rapid temperature changes, and for this reason it was mounted 
in a glass bulb filled with hydrogen. Hydrogen was selected for 
this purpose because it is an inert gas and conducts the heat from 
the ballast to the walls of the bulb better than other gases which 
might be used. 

Advantages Claimed. All the parts enumerated, namely, 
glower, heater, cut-out, and ballast, were mounted in a suitable 
manner; the smaller lamps with but one glower were arranged to 
fit in an incandescent-lamp socket, while the larger types were 
constructed in special fixtures, like small arc lamps. All parts were 
mechanically arranged so that renewals might easily be made when 
necessary, and it was not possible to insert a part belonging to one 
t\pe of lamp into a lamp of a different t^i>e. 

MERCURY-VAPOR LAMPS 

Operating Principles. The mercury-vapor lamp in this coun¬ 
try is put on the market by the Cooper-Hewitt Electric Company 
and is being used to a considerable extent for industrial illumi¬ 
nation. In this lamp mercury vapor, rendered incandescent by 
the passage of an electric current through it, is the source of 
light. In its standard form this lamp consists of a long glass 
tube from which the air has been carefully exhausted and which 
contains a small amount of metallic mercury. The me??cury is 
held in a large bulb at one end of the tube and forms the nega¬ 
tive electrode in the direct-current lamp. The other electrode is 
formed by an iron cup, and the connections between the lamp 
terminals and the electrodes are platinum where this connection 
passes through the glass. 

The general appearance of the standard lamps and candle- 
power distribution curves of the more important types are given 
in Fig. 28. 

The tubes require renewal only at long intervals of from 
4000--8000 hours; more properly, perhaps, the life should be 
stated at from 2 to 3 years, since the burning out of a tube 
appears to be dependent more upon the number of times that it 
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i.s lighted and extinguished than upon the actual hours td burning. 
The change in candle-power with use is illustrated in Fig. 20. 

Starting the Lanqx Mercury vapor, at the start, may be 
formed in two ways; First, the lamp may be tipped bo that a 
stream of mercury makes contact between the two electrode.B and 
the mercury is vaporized when the stream breaks; and second. 



Fig 28. Cooper-Hewitt Glass Tube Mercury Vapor Lamps 
Upper Diagram Refers to 55-Volt Lamp and Loiter to Either Type of 100-125 Volt Lamp Carve 
A Represents Candle-Power Distribution in Plane Perpendicular to Axis of Tube; 

Curve B Represents Candle-Power I>btnbution in Plane Parallel to 
Axis of Tube, Curve C Represents Mean of Curves A and B 


by means of a high inductance and a quick-break switch, a very 
high voltage, sufficient to pass a current from one electrode to the 
other through the vacuum, is induced and the conducting vapor is 
formed. Tilting is brought about automatically in the more 
recent types of lamp. Fig. 30 shows the connections for starting 
automatically two lamps in series. A steadying resistance and 
reactance are connected as shown in this figure. 
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TABLE VI 
A 

Candle-Power Characteristics of Cooper-Hewitt Mercury-Vapor Lamps* 




Lami)s for Altemating-Cuireiit Circuits 


Rutxna; of 
Lamp in 
r ijio 
Wntt-i 

VoltUire 

: 

.- 

Til)*' 

U a-h of 

Iricho^. 

VVatt'i pr*r 
Miuii 
Lom er 

Hemi'ipliti- 

ira.! C'~p 

Total 

Lumens 

Lumens 
per Watt 

210 

100-1 :>5 

E 

:j3 400 

0 53 

3179 

15.14 

3S0 

100-125 

' 

F 

1 so w 

0 48 

6283 

16.53 


j 

Lampir foi Diiect-Curri^nt Circuits j 


Cl * 
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1 
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100-133 ! 

n 

21 ' 300 

0 64 

2388 

12 43 

3S5 

100-125 1 

HII 

! 21 ; 600 

0 64 

4712 

12.23 

385 

100-125 * 

K 

45 ; 700 

0 55 

5529 

14 36 

220 

100-125 1 

L 

i 33 • 400 

0 55 

3142 

14 28 

3S5 

100-125 ^ 

' 

P 

1 50 SOO 

0 48 

6283 

16 31 
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t^uartz Lamps for Direct-Current Circuits 


j 726 

200-240 

Z 

4 2400 

0 3 

18S39 

25 96 

1 


*Daia juruuhid oj Coopt.r-IIt,L'ift EltK.tric Co 



Applications* The mercur^">^vapor lamp is constructed in 
rather large units, the 55-volt, 3.5-ampere lamp being the smallest 
standard size. The color of the light emitted is objectionable for 
some purposes, as there is an entire absence of red~rays; in fact. 
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the light is practically nioinjchrouintic. The iilnininatiozi from 
this type of lamp i^ cx('(4Ient where -hart) or niiiiute 

detail is to be {)rought out, and thi^ tact ha- hd to :t> ij.tro<!uc- 
tioii for such clas.-es of lighting as silk Uiiiis and ccftton rnilK. 
Oil account of its color, the aj)plicatiou of t],i^ lamp b Hiniod 
to the lighting of shops, offi(^‘^, and drafting rroin-. It Is u*'cd 
to a conshlerable extent in photographic work on acrouiit of tia^ 
chemical properties of the light. Special reuetauces must lie 



provided for a mercury arc lamp operating on single-phase, alter¬ 
nating-current circuits. These alternating-current lamps have 
practically the same efficiency as the direct-current lamps. 

The candle-potv'er characteristics of these lamps are showm in 
Table VI. 

Quartz Mercury=Vapor Lamp 

Comparison with Ordinary Mercury Lamp. Increase {71 Volt- 
ape and Temperature. Since in the mercury-vapor lamp the arc 
at the electrode gives practically no light but consumes some 
energy and the bulk of the light is given by the mercury-vapor 
column, the efficiency of the mercury-vapor tube as a light-giving 
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source is improved by using very long tubes, as in the standard 
lamp; or the performance may be improved by using a higher 
voltage per unit length of the tube than is ordinarily employed, 
provided a tube can be made to withstand the higher tempera¬ 
tures reached with this higher voltage per unit length. The vapor 
pressure is low in the regular glass tube, seldom over one-eighth 
inch of mercury pressure, but if the tubes are made of quartz, 
which is capable of standing a much higher temperature than 
ordinary glass, the drop in potential per inch of tube length can 

be increased to 30 or more times 
that allowable with glass tubes. 

White Color of L'lght When 
operated in this manner the mer¬ 
cury-vapor actually becomes in¬ 
candescent and the character of 
the light given by the lamp is 
changed, red and orange rays 
being added to the yellow, blue, 
green, and violet of the ordinary 
mercury-vapor lamp. The pio¬ 
neer work On this type of lamp 
was done in Germany, but it 
has since been taken up in the 
United States and the lamp has 
been developed into a commer¬ 
cial form. 

Construction and Operation. 

The light-giving element of the 
commercial lamp is a short tube 
of^ quartz containing mercury 
vapor. The necessary mechanism for starting and controlling the 
lamp is placed in a hood above the quartz tube and the tube 
itself is surrounded by a glass globe, partly for the purpose of 
cutting off the ultra-violet light given by the mercury vapor and 
not screened off by the quartz tube. The details of a Cooper- 
Hewitt quartz lamp are illustrated in Fig. 31, and the general 
appearance of one of these lamps is shown in Fig. 32. Referring 
to Fig. 31, which illustrates the mechanism: h is the quartz t^be 
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or burner placed in a suitable liolder which is pivoted in a Mip- 
I>ort c and attached to the lever 1; I is linked to the movable iron 
armature m; d is a dashpot; p is a small permanent magnet 
installed fc^r the purpose of locking the mechanism and preventing 
its operation if the lamp should be connected in the circuit with 
a wrong polarity. Closing the lamp s?witch automatically tips the 
quartz tube and starts the lamp in f)peration. Table YI gives 
some operating data for the Cooper-IIewitt quartz lamps. They 
are available for direct current only. 



Fig 32 Hemifapherical Candle-Power Distribution Curves for Coopcr-Hew’itt Larups with 

Different Styles of Globes—Cur\ es at L**ft for npfle**tor und Clear Glass 
Globe, Curves at Right for Hr+iv-ctcr and Diffobing Globe 

TUBE LIGHTING 

Moore Tube Light* Use of Geuder-Tube Principle, The 
Moore light made use of the familiar Geissler tube discharge— 
discharge of electricity tlirougli a vacuum tube—as a source of 
illumination. The practical application of this discharge to a sys¬ 
tem of lighting has involved a large amount of research work and 
a number of interesting installations have been made. Those 
for general lighting were constructed by welding together standard 
lengths of If-inch glass tubing until the desired total length of 
luminous source was reached, ordinarily from 40 to 200 feet. 
In order to provide an electrical discharge through this tube 
it was customary to lead both ends of the tube to the high- 
tension terminals of a transformer, Fig. 33, the low-tension side 
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of which was connected to the alternating-current lighting mains. 
This transformer was constructed so that the high-tension termi¬ 
nals were not exposed and the current was led into the tube by 
means of platinimi wires attached to carbon electrodes. The 
electrodes were about S inches in length. The ends of the tube 
and the high-tension terminals were enclosed in a steel casing so 
as effectually to prevent an\i:hing from coming in contact with 
the high potential of the system. 

Color of Light, The color of the light emitted by the tube 
depends upon the gas used in it. The regulator is fitted with 
some chemical arrangement w’hereby the proper gas is admitted 



Fig o3 Diagram Shoeing Essential Features of IMoore Light. 
1, Lighting Tube, 2, Tr ansf ormer Case, 3, Lamp 
Ternunals, 4, Tiansformer, 5-8, Regulators 


to it w’hen the tube is in operation. The tube gives the highest 
efficiency wiien nitrogen is employed, and the light emitted when 
this gas is used is yellowish in color. Air gives a pink appearance 
to the tube, and carbon dioxide is employed when a white light 
is desired. 

The only tjv’pe of lamp w'hich has been manufactured in com¬ 
mercial quantities is a short carbon-dioxide tube for accurate 
color matching; its light approaches natural daylight more closely 
than that of any other artificial illuminant. This tube consumes 
about 250 watts, and its construction is simpler than that of the 
larger sizes. Its application is in dye bouses, for wool, silk, etc. 
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Neon Tube Light. diaradmHflc^^ and Adranfnfj^^s of Methd. 
Neon, a rare gas of which the utnio>pliere ah^nt })art 

in (jO,()OU, can be o})tained as a by-protiuct of tiie iiia’icifa<*tnre of 
oxygen from the air and it may be ii^ed in coniiH*rion with t)ihe 
lighting in a manner >iinilar to that in whirh nitrogen i- n^ed in 
the ]Moore lamp. When iHe<l in this maniier it niU->t be in a ver\ 
pure state. Lamps have been manufaetured for the u^e of neon, 
with the following general cliaracterifetie^: 

0 riiutor'^ lonu have a iite comparabk* to +har oi i:;* 
lamp units, iiameiv, 1000 houi" or mote 

The nm‘>^arv pnTtmttai k about oii»*-tliiia th.V *.i' i i*»r i ^ijuiiar 
Mooi(‘ tab<*—about siiO voiw h^r a tube G 1114 *“^^^ louu 

The neon tube gives about 200 p^r iii'U (f l-UiiTb io 

against about GO caudie-po'wer foi a nitr^-Len Oibo. 

An efficieiiey of 0 5 wa+ts pel <*jn-iIo r'auijyi :L*‘ neoi: r./oe 

Color of Light, The color of the light, unrnudified, U too red 
for ordinary illumination. To improve tills, e»jrrecting tubes con¬ 
taining mercury have been added to .some lamps and, by the u>e 
of such correcting tubes, the color has been greatly improved, but 
the efficiency of the unit is reduceil ->0 that abuut watt per 
caudle-pow'er is required for their operatiuii. 

Small tubes for display lighting have been maniifaeTiired but 
it is not at all likely that neon tube", in tiuir ])re"ent state of 
development, will have any great eommereial a]jplieatiun, even 
though they have some very desirable chanu teristics. 

CARBON^ARC LAMPS 
ORDINARY OPEN= AND ENCL05ED»\RC TYPES 

Principle of the Electric Arc. Suppose two carbon rods are 
connected in an electric circuit and the circuit is closed by touch¬ 
ing the tips of these rods together; on separating the carbons 
again the circuit will not be broken, provided the space betw^een 
the carbons be not too great, but wdll be maintained through the 
arc formed at these points. This phenomenon, w’hich is the basis 
of the arc light, was first observed on a large scale by Sir Hum¬ 
phrey Davy, w’ho used a battery of 2000 cells and produced an 
arc between charcoal points 4 inches apart. 

Nature of Arc, As the incandescence of the carbons across 
which an arc is maintained, together with the arc itself, forms the 
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source of light for a large percentage of arc lamps, it will be well 
to study the nature of the arc. Fig. 34 shows the general appear¬ 
ance of an arc between two carbon electrodes when maintained 


by direct current. 

Action of Current on Carbons. Here the current is assumed 
as passing from the top carbon to the bottom one as indicated 
by the arrow and signs. We find, in the direct-current arc, that 
most of the light issues from the tip of the positive carbon, or 
electrode, and this portion is known as the “crater” of the 
arc. This crater has a temperature of from 3000° to 3500° C., the 
temperature at which the carbon vaporizes, and it gives from 80 
to 85 per cent of the light furnished by the arc. The negative 

carbon becomes pointed at the same 
time that the positive one is hollowed 
out to form the crater; and it is also 
incandescent but not to as great a 
degree as the positive carbon. Be¬ 
tween the electrodes there is a band of 
violet light, the arc proper, and this is 
surrounded by a luminous zone of a 
golden-yellow color. The arc proper 
does not furnish more than 5 per cent 
of the light emitted when pure carbon 
electrodes are used. 

The carbons are worn away or 
consumed by the passage of the cur¬ 
rent, the positive carbon being consumed about twice as rapidly 
as the negative. 

Preparation of Carbo7is. Carbons are either molded or forced 
from a product known as “petroleum coke” or from similar 
materials, such as lampblack. The material is thoroughly dried 
by heating to a high temperature; then it is ground to a fine 
powder and combined with some substance such as pitch which 
binds the fine particles of carbon together. After this mixture is 
again ground, it is ready for molding. The powder is put in steel 
molds and heated until it takes the form of a paste, when the 
necessary pressure is applied to the molds. For the forced car¬ 
bons, the powder is formed into cylinders which are placed in 



Fig. 34 Electric Arc between 
Carbon Terminals 


64 


ELECTKIC’ LIGHTING 5:> 

machine^ that force the material through a die so arranged as to 
give the desired diameter. The forced carbons are often made 
with a core ai some special matt-rial, this core being added after 
the carb<jn prrjper has been finished. The carbons, whether 
molded or forced, muht be carefully baked to drive oii all volatile 
matter. Tlie forced carbon always more uniform in quality 
and cross-^(‘ctitm and is the type of carbon which must be u.-ed in 
the carbon-feed lamp. The adding of a core (»f a dilferent material 
seems to change the quality of light and, being more readily 
Volatilized, keeps the are from wandering. 



Plating of carbons with copper is sometimes resorted to for 
molded forms for the purpose of increasing the conductivity and, 
by protecting the carbon near the arc, prolonging the life. 

Distribution Curve. The light-distribution curve of a direct- 
current arc, taken in a vertical plane, is shown in Fig. 35. Here 
it is seen that the maximum amount of light is given off at an 
angle of about 50 degrees from the vertical, the negative carbon 
shutting off the rays of light that are throTO directly down'ward 
from the crater. 

If alternating current is used, the upper carbon b^mes 
positive and negative alternately and there is no chance for a 
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crater to be formed, both carbons ghdng off the same amount 
of light and being consumed at about the same rate. The light- 
distributioii curve of an alternating-ciuTent arc is shown in 
Fig. 30. The lack of sAinmetry shown on Figs. 35 and 30 is due 
to the wandering of the arc. 

In a practic'al lamp we must have not only a pair of carbons 
for producing the arc, but also means for supporting these carbons 



Fig 3G. Distribution Curve for AC. Lamp in Vertical Plane 


together with suitable arrangements for leading the current to 
them and for maintaining them at the proper distance apart. The 
carbons are kept at the proper distance apart by the operating 
mechanisms, which must perform the follo’^sing functions: 

(Ij The carbons must be m contact, or be brought into contact, to start 
the arc when the current first flows 

(2j They must be separated immediately afterward at the right distance 
to form a proper arc. 

(3) The carbons must be fed to the arc as they are consumed. 
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J4‘ T!if‘ rirfult Im* i<r .vL^a *!it- ^'irbua" 

cuiMiiiK'd, depend 11114 ‘»n the iii(‘rhud t-f ]).fA»r 

The feeding’ (d‘ the citrhniis nun he ilune )>} Land*, ur U the 
case in ^onie ^tereopticon^ u.'in^ an are, hnt fer urdii*ary ilhnaina- 
tion the strikinir and maintaining:: uf tIj ar** imi't Jie antematie. 
It is made ,so in all ca>eN hy mean- «)?' 
snienoids acting against the force of 
gra\'ity or again-t spring'^. There i’^ an 
endless luimlier of r5uch niechanism-.— 
too many to try to de^tTibe tiieni. They 
may be roughly divided into th^a^ 
classes: bhiiiit, series, and dWereiitial 
mechanisms. In view of the decrea-ing 
importance of the arc light in illumination 
and because a description of the-e mech¬ 
anisms is rather detailed, n<# furtii»-rr 
mention of them is made here. 

Classification. x4rc lainp^ are eon- 
structed to operate on direct-current <jr 
alternating-current systems when con¬ 
nected in series or in multiple. They 
are also made in both the open and tlie 
enclosed forms. 

By an open arc is meant an arc 
lamp in which the arc is expri^ed to 
the atmosphere, while in the enclosed 
arc an inner or enclosing globe sur¬ 
rounds the arc, and this globe is covered 
with a cap which renders it nearly air- 
tight. Fig. 37 is a good example of an 
enclosed arc. 

Open Type, Open arcs for direct-current systems were the first 
to be used to any great extent. used they are always 

connected in series and are run from some form of special arc 
machine, a description of which may be found in any book deal¬ 
ing with tj"pes of generators. 

The principal advantage of the open arc was its high effi¬ 
ciency; with an energy consumption of less than oOO watts, the 
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lamp furnished a maximum intensity of about 1200 candle-power. 
The chief disadvantage of the open-arc lamp from the standpoint 
of street illumination was the poor light distribution. Most of 
the light was thrown down at an angle of about 45 degrees so 
that there was a very bright ring of light on the street surface 
near the lamp and that part of the street farther away was left 
in comparative darkness. Further, since the lower carbon was 
close to the upper, it cut off a large part of the light emitted from 
the crater and cast a dark shadow on the street immediately 
beneath the unit. The position of the shadow varied considerably, 
for the arc stream was not stationary, but wandered slowly about 
the circumference of the carbon. In many instances the inequality 
of the distribution of light about the lamp was exaggerated by the 
uneven burning of the carbons. 

The recognized rating for the open-arc carbon lamp has 
always been 2000 candle-power in spite of the fact that even the 
maximum intensity seldom exceeded 1200 candle-power. The 
2000-candle-power value appears in a great many of the old street- 
lighting contracts and has been the source of much litigation. 
The origin of the rating probably lay in the fact that the arc lamp 
gave a great deal more light than any lighting unit previously 
known and the photometers in existence at the time of its inven¬ 
tion were inadequate for the purpose of measuring intensities 
so high. 

The decisions of the courts of law passing upon this question 
have been to the effect that the 2000-candle-power rating merely 
described a particular t;\q)e of lamp and had nothing to do with 
the actual intensity obtainable from it. 

Each lamp requires in the neighborhood of 50 volts for its 
operation and, since the lamps are connected in series, the voltage 
of the system depends on the number of lamps; therefore, the 
number of lamps that may be connected to one machine is lim¬ 
ited by the maximum allowable voltage on that machine. By 
special construction as many as 125 lamps are run from one 
machine but even this size of generator is not as efficient as one 
of greater capacity. Such generators are usually wound for 6.6 
or 9.6 amperes. Since the carbons are exposed to the air at the 
arc, they are rapidly consumed, requiring that they be renewed 
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TABLE \n 

Data for Multiple Enclosed* Arc Lamps 


L 


Lamp 

S 0*1'* 

, Eqoiprie^t 


T. ta] 

I - Ht :u.spLeri?al 

SJ-ampere d.c. 

220 

A 

71.J 

loO 

215 

5 -ampere d c 

no 

B 

ooU 

100 

245 

G^J-ampere d c 

no 

B 

715 

275 

300 

G -ampere a.c* 

no 

A 

4:]o 

145 

24rt 

7 2 -ampere a c 

no 

A 

rM) 

105 

325 


Equipment A, opal inner f;loP( and refio^ tor, no tu- 
Equipmex^t B, opal inuei, dear outer, no reflc'^or 


daily for this tyj>e of lamp. The open-arc lamp is used but little 
at present. 

Enclosed Type, Enclosed arcs for series systems are con¬ 
structed much the same as the open lamp and are controlled by 
either shunt or differential mechanism. They require a voltage 
of from 68 to 75 at the arc and are usually constructed for from 
5 to 6.S amperes. 

Constant-Potential Type. Constant-potential arcs must have 
some resistance or reactance connected in series with them to 
keep the voltage at the arc at its proper value. This resistance 
is made adjustable so that the lamps may be used on any circuit. 
Its location is clearly shovn in Fig. 37, one coil being located 
above and the other below the operating solenoids. 

In enclosed arcs the carbons are not consumed as rapidly as 
in the open lamp because the oxygen is soon exhausted from the 
inner globe and the combustion of the carbon is greatly decreased. 
They will burn from 80 to 100 hours without trimming. 

Table VII gives data as to the light generated by the more 
common ftjpes of multiple-enclosed arc. The candle-power of 
series lamps of the same amperage did not differ materially from 
these figures. In the case of the direct-current lamps, however, 
the w^attage of the series type was 30 per cent less than for the 
multiple owing to the elimination of the resistance loss. The t^T>e 
of diffusing and reflecting equipment affects the light distribution 
to some extent. Curves for the types most used in street lighting 
are given in Pig. 38. 
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Flaming Arc. In the carbon arc, the arc proper gives out but 
a small percentage of the total amount of light emitted. In order 
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the other class covers lamps wliicl] du nut employ carboii, the mo-t 
notable example being the magnetite arc, whicii u.-e< a eojy])er seg¬ 
ment as one electrode and a magnetite fttick the other electrode. 

Bremer -TIfpr. The Bremer flaming-arc lamp introdu<*ed 
commercially in IS99, The diagram '^hov■li in Fig. iiliistrates 
the main features of this lamp. The eh-ctrudes are liioimted at 
an angle and an electromagnet is phu'ed abo^e tije arc for the 
piirpOtoC of keeping it fn^m CTeejjing up and injuring the econ¬ 
omizer and also for the pllrpo^e of spreading the arc rait and 
increasing its surfar^e. The vapor from the arc con<it*n-eJ on 
the economizer and this coating act- a^ a refactor, throwing the 
light downward. The economizer ^ervea to limit the air .-applied 



Fii^ 40 D^tribution Cur-'.ea iur FL'..:",!-DC 

Ijaij.p loi Aript-M*- AC 


to the arc and thus iiicrea-eN the life of t!ie electrodes. The 
inclined position of the carbons was suggested by the fact that 
in ‘the impregnated carbons a slag was formed which gave trouble 
when the electrodes were mounted in the u>ual manner. By 
using the electrodes in this position there is little if any obstruc¬ 
tion to the light which passes directly downward from the are. 

Bremer’s original electrodes contained compounds of calcium, 
strontium, magnesium, etc., as well as buracic acid. Electrodes as 
employed in the various lamps differ greatly in their make-up. 
Some use impregnated carbons; others u^e carbons with a core 
containing the flaming materials; and metallic wires are added in 
some cases. The life of electrodes for flaming lamps depends 
upon their length and upon the tjT)e of lamp. For the open tj^pe 


71 






62 


ELECTRIC LIGHTING 


TABLE VIII 


Data for the Flaming-Arc Lamps Compared in Fig. 40 


1 A C Senes Lamp 

D C Multiple Lamp 

Termiaal Volts 

52 

115 

Terminal Watts 

425 

747 5 

Arc Volts 

46 

70 

Arc Watts 

395 

455 

Amperes 

10 

6 5 

Efficiency 

93% 

61% 

Power Factor 

81 6% 


Mean Hemispherical C-p 

1000 

820 

Mean Spherical C-p 

1 655 

500 

Mean H. S. C-p per Watt ' 

' 2 35 

1 09 

Mean Spherical C-p per Watt 

1 

1 54 

67 



F5g. 41. Enclc^ed A C Series Flammg-Arc 
Lamp without Hood 
Courtesy of General Electric Company^ 
Schenectady, New York 


lamp 12 hours, and for the en¬ 
closed type 100 hours, may be 
considered as representative. 

Color of Arc, The color of 
the light from the flaming arc 
is yellow when calcium salts are 
used as the main impregnating 
compound and many of the 
lamps installed use electrodes 
giving a yellow light. By em¬ 
ploying more strontium, a red 
or pink light is produced; while 
if a white light is wanted, barium 
salts are used. Calcium gives 
the most efficient service and 
strontium comes between this 
and barium. Fig. 40 gives a 
comparison between a 6.5-ampere 
direct-current multiple lamp and 
a 10-ampere alternating-current 
series unit illustrated in Fig. 41. 
Table VIII gives data relative 
to these two lamps of the en¬ 
closed type, both equipped with 
‘‘white’^ carbons. 
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The of flainiiii^-arc lanip'4 today practically con¬ 

fined to special fields, such as photc^-c^iixruving, niuvirig-picture 
studios, fading tests of dyes and ])aiiit&, etc., in which tiie actinic 
rays of tlie arc are particularly desirc'd. On account of the 
tendency toward poor candle-power maintenance caused by the 
deposit of ash on the globe and becau^e of the relative un>teadiness 
of the light the flaming-arc lamps have been largely superseded 
in general industrial and street lighting by tlie magnetite-arc and 
the Mazda lamps. 

LLMINOLS=MAQNETITE OR METALLIC^FLAME 
ARC LAMPS 

Such lamps were introduced as early as 1003. The t^pe 
most commonly employed uses a copper disc as one electrode and 



a magnetite stick—formed by forcing magnetite, to which titanium 
salts are usually added, into a thin sheet-steel tube—as the other 
electrode. This lamp gives a luminous arc of high eflSciency and 
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TABLE IX 

Data for Series=Burning Direct^Current Luminous^Arc Lamps 


Lamp and 
Eriuipment 

Volts 

Watts 

Etiuip- 

nipnt 

Total 

Lumens 

Lumens 

per 

Watt 

Lo^\ er 
Hemispher¬ 
ical C-p 

4-ampere long-life 

S2o 

330 

A 

3220 

97 

271 

(350 hours; 

77 5 

310 

B 

3190 

10.3 

311 

77.5 

310 

C 

3320 

10 7 

479 


TTTo 

310 

D 

32G0 

19 5 

450 

4-ampere liigh- 
efhciency 

S2.5 

330 

A 

4970 

15.1 

434 

77.0 

310 

B 

5010 

16 2 

493 

(150 hours) 

77.5 

310 

C 

5320 

17 2 

758 

V 5 

310 

D 

5030 

16 2 

698 

5-ampere long-life 

80.5 

403 

A 

5020 

12 5 

429 

(230 hours) 

77 5 

38S 

B 

5090 

13 1 

515 

77 5 1 

38S 

C 

5350 

13 8 

770 


77 5 

388 

D 

5179 

13 3 

693 

5-ampere high- 
efficiency 

80 5 

403 

A 

7040 

19.0 

654 

77 5 

388 

B 

7260 

18.7 

737 

(125 hours) 

77 5 

3SS 

C 

7660 

19 7 

1100 

i 7 5 

38S 

D 

7260 

18 7 

1817 

6 6-ampere long¬ 

SO 5 

532 

A 

9120 

17.1 

784 

life * 

77 5 

510 

B. 

SSOO 

17.3 

885 

(120 hours) 

1 

77 5 

510 

C 

9300 

18 3 

1297 

77 5 

\ 

510 

1 

D 

8960 

17 0 

1186 


as the magnetite electrode is not consumed rapidly, magnetite 
lamps do not require frequent trimming. The life of the mag¬ 
netite electrode, as at present manufactured, is from 100 to 350 
hours. A diagram of the connections of this lamp, as manufac¬ 
tured by the General Electric Company, is shown in Fig. 42. The 
magnetite electrode is placed below. The copper electrode has 
just the proper dimensions to prevent its being destroyed by the 
arc and yet it is not large enough to cause undue condensation of 
the arc vapor. 

Direct current must be used vnth this lamp, and is usually 
supplied from mercury-arc rectifiers, since practically all of the 
magnetite lamps built are on the series type. The light ironi 
this lamp is white in color, its candle-power maintenance is good, 
and it has met with much favor in both utilitarian and orna- 


74 



U^ECTlilC LIOHTIXr; 


tjo 

meiittil .-rroet A greater variety ot standard reflecting 

and (lifluNing equipment lia-’ heeu <!eveir»p(‘<l tor the luminous 
lamps than f<»r any other typt* of arc. Fig. 4o .-fnn\s the di>tribu- 
tion eurve.'> for the more usual of the^e acws<ories in connection 




Pendent Type 



Light Alba Globe 

B «» Pendent Type Eqiiipped with 
Carrara Globe and Internal 
Concentric Reflector 

C ** Pendent Type Equipped with 

Clear Globe and Internal Concentric 
Reflector 

D » Pendent Type Equipped with 
Clear Globe and Pzismatic Glass 
Refleetar 


Fig 43 Candle-Po\\er Distribution Obtained ixSth Different Equipments, 
4-Anipere Luminou-s-Arc Lamps 


with a 4-ampere lamp equipped with long-life electrodes. Table 
IX gives candle-power data for the standard amperages and elec¬ 
trodes. It will be noted that the t:v'pe of electrode, that is, 
whether designed for high eiBSciency or for long life, greatly affects 
the candle-power output of the lamps. 


75 






INTERIOR OF ASBTJRY M. E. CHURCH, ROCHESTER, NEW YORK, SHOWING LIGHTING FIXTURES 

Coiirtcsr/ of "Elecliical Rcieiw,'^ Chicago, IUinoif> 



















ELECTRIC LIGHTING 

PART II 


REFLECTORS AND ENCLOSING GLASSWARE 

The light from a hare lamp is distributed in a uiamier such 
that under UKist conditions it cauiiut Ik? eniployeil elh-ctively 
without the iiec of rt‘fie<-Tnrs or enclosing glassware. The^e acces¬ 
sories should Hut only redirect light, which would otherwise be 
ineffective, into useful angles, but should serve tiie additional 
purjioses of modif;. ing tlie brilliancy of the somce and diffusing 
the light to ])r(Mlueo a soft and pleasing illuminution. 

Sj stems of Interior Lighting. Three system? of interior light¬ 
ing are commonly enipIo\ed. Tli/.'y have been referred to a? 
dncct, iiuUmi, and si iiii-iiiihfivt. In the so-calk-d direct-lighting 
system, the unit distributes the light downward into the room; 
in the indirect s\stcni, all the light is thr<iwn upon the ceiling 
and thence reflected into the Hjom; in the semi-indirect system, 
a greater part of the light is thrown upon the ceiling but some of 
it passes through the difl'iisiug glassware directly into the room. 
In the units f<ir these .<,%stems, various reflecting surface? anti 
transmitting media are used, and a knowledge of the action of 
such surfaces and media in the utilization of light is necessary 
to their jiroper selection. 

Control of Light. A ray of light will travel along a straight 
line indefinitely unless interfered with by some object or medium. 
The effect of such interruption may be absorption by the medium 
through which the light passes or by the object which it strikes. 
This is noticed when a beam of light passes through smoky 
atmosphere, through smoked glass, or meets a black opaque 
body. In these cases, a part or practically all of the light loses 
its identity and is converted into heat. A second phenomenon 
is termed refraction. Refraction is a bending of the ray of light 
due to its passing from one medium to another of greater or 
less density, as, for example, from air to water or from air 
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to glass. A very common instance of refraction is the apparent 
bending of a fishline at the point where it enters the water; 
of course the line is straiglit, but the light rays coining from that 
part of the line which is under the water are refracted wdien they 
pass from water into air. Another way in which a light ray may 
be diverted from its course is by reflection, which is the throwing 
back or redirection of the ray by a surface. A fourth is 
diffusion, which is the breaking up of the beam and spreading 
of its rays in all directions by the medium through wiiicli 
it passes or by the surface upon which it falls. By controlling 
these four factors—absorption, refraction, reflection, and diffusion 
—we are able to make the light from any source do very largely 
as we desire. 

PoIished=Metal and Mirrored=Qlass Reflectors. The simplest 
form of reflection is that which takes place w^hen a ray of light 
strikes a polished-metal surface. As indicated at A, Pig. 44, a 
ray of light having a direction sa on striking a polished-metal 
surface is reflected off in the direction ab, so that the angle 
made with a perpendicular to the surface by the reflected ray 
(angle of reflection), is equal to the angle .r, made by the 
incident ray (angle of incidence;. Practically no light is reflected 
in other directions. This is called regular reflection. It wdll be 
seen, therefore, that it is possible to redirect light in any 
desired direction by means of a properly placed reflecting surface. 
When we consider that the schoolboy by means of a pocket 
mirror or piece of polished metal can take the beam of sunlight 
that comes in at the window and redirect it with remarkable 
accuracy to any place in the room, the general principle involved 
is seen to be simple. While all polished-metal surfaces reflect 
light in the manner described, they do not reflect it in like 
amounts. Por instance, if tw’o beams of 100 lumens each fall 
respectively on a polished-silver surface and on a polished- 
aluminum surface, the silver will reflect approximately 88 lumens, 
and the aluminum about 62 lumens. In other words, the silver 
surface wdll absorb only 12 per cent of the light, w^hile the 
aluminum surface w’ill absorb about 38 per cent. All the light 
falling upon an opaque surface is either reflected or absorbed by 
that surface. 
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Siniiliar to tlie reflection characteristics of polished metal 
are thr»^e at inirrured At B, Fit^. 44, &lKnvn the path 

of a ray <4* striking t!ie surface of a coinriiercial tyj>e of 

mirror with silvering on the back of the gla^s. A small part of 
the light i’^ reileetcd by the jxJidied ,:5iirface of tlie gla'-s and 
does not j)ar'S tlirough to tiie silvered backing; the remainder 
passes back througli the gla-s and after leaving tiie glares travels 
in a direction parallel to the ray reflected from the glass surface. 
The fact that iiior>t of the lidit Las to pass through the gla-- 
both to aiid from the refit‘cting surface makes the silvered mirror, 
from a la})oratory staiid]>oint, a le-b efficient reflecting surface 
than the polidied silver itself. For in^taia'C, if lOU lumens strike 
a mirror the reflections and absorptions are ot the following order 



Fig 44 Redeetion?. frt)ni *4, PoliaScd Suriai’e, B, Mirrored Surface 


of magnitude: 10 are reflected by the exposed surface of the 
glass, 10 are lost by being absorbed by the sih'ered surface, and 
5 are absorbed by the glass, leaving a total of about 75 lumens 
\\hich are reflected by tlie silvered surface; the in the glass 
depends, of course, on the quality of the gla^s. The deteriora¬ 
tion of a polished-metal reflecting surface in service is, however, a 
factor which often more than offsets its higher initial eflScieney. 

To obtain a desired distribution from a polished-metal or a 
mirrored surface, it is necessary that the contour of the reflector 
be such that at as many points as possible the reflecting surface be 
at such an angle with the incident ray that the refliected ray will 
be in the desired direction of light. For example, where parallel 
rays of light are desired, as in the case of automobile headlights, 
the reflector will have to be a parabola or some modification of 
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it, Fig. 45. A Iiemiaplicrical refle<;tor, ou the other hand, placed 
beliind the lamp, with its center coincidiiig with the light source, 
will not concentrate the light at all but will merely double the 
candle-power at each angle in the other hemisphere, since each 
ray that strike^ the reflector is relletied back along the same 
line, througii the source. Mirrored reflectors have a disadvantage 
in that they throw brilliant images of the filament, or striations, 
on tlie surfaces illuminated. In practice, these striations are often 
eliminated by c<irrugatirig the reflector or frosting the lamp, 
with, however, some lo^s in the contnjl of the light. 

Since polisbed-metal and mirrored surfaces follow definitely 
the law of regular reflection, these surfaces are used in reflectors 



where the aim is to obtain definite and accurate control of the 
direction of the light. Arc and incandescent searchlights, auto¬ 
mobile headlights, and the flood lighting units are the most 
familiar applications of such reflectors for accurate light control. 
Mirrored glass is also widely used for both direct- and indirect- 
lighting units, Figs. 4G and 47. 

DulI^Finish or Semi^Mat Reflectors. A dull-finish or semi¬ 
mat surface can be considered as one which has innumerable 
small reflecting surfaces making numberless slight angles with 
the general contour. A surface coated with aluminum paint 
affords a good example. When a shaft of light strikes such a 
surface, the rays are reflected at slightly different angles, but all 
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Zcm Li£men& Cear Lump 

0 *^ 0 ' 1750 60 

0 *-« 0 * 1985 68 


Clear Lamp 



Fig 46 Can<iIe-PrR%ci Di'trib itiiin fcr C!eai Lanp'i**:! 

JMi'iureil-fila^a lleilt.- v.r 


Zo^e s Cea-- La*np 

90 -ISO 2340 80 

120 180 1605 55 

0-180 2340 80 


Clear Lamp 



Pig, 47. Candle-Power IMstribntion Curve for Clear Ijamp 
inith Indirect Reflector 


Indirect 



Mirrored Glass 



81 




72 


ELECTRIC LIGHTING 


in the same general ilireftimi, as shown iu Jy Fig. 4S. This 
is known as spread refleetiou. The spread of the retiected beam 
indicated by the angle between lines ac and ad is dependent 
upon the degree of smoothness of the surface, the smoother the 
surface the narrower the angle. When the reflecting surface is 
viewed along the line ha, no distinct image of the light source 
is visible, but only a bright of light. 

The reflection characteristics of dull-fiiiish or semi-mat surface 
reflectors are similar to tho'^e of reflectors having polished 
surfaces except that in the ca^e of the former the light is 
redirected with le.^s accuracy. Duli-finish reflectors of deep bowl 
shape, for example, iiuk\NS carefully designed, are likely to lose 
some of their eflicieiicy owing to cross-reflection from one side 
to the other and consequent absorption of the light. This is 




Fig 4S Hefiei‘eons fr^ir Smooin and Roujh Surfaces Semi-IMat Surface; R, Reflection 
jroiii ilougl* Mat Surface 


not so likely to occur with a polished reflector of the same shape. 
The aluminumized-steel reflector is the only commercial semi¬ 
mat reflector which has been generally used. 

Rough Mat«Surface Reflectors, If a mat surface is so 
rough that it has absolutely no sheen, as, for example, the 
surface of blotting paper, beams of light on falling into the 
minute pockets are reflected back and forth, so that w^hen finally 
they come out they travel severally in all directions, as indicated 
in B, Fig. 4S. The result is that the whole surface appears as 
bright from one direction as from another, that is, just the same 
as it would if it were luminous from being heated to incandes¬ 
cence. In other words, the candle-power per square inch of 
apparent area is uniform. It is a maximum in a direction per- 
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peiidk-ular to the biu’face, for tiie burfuoe Las the proat^‘-t apparfht 
area viewed fnan this direction. 'When tLe nitii^uivnieut i:^ 

made from any other directhm the apparent area i- a-.', and 
since the candle-power per square inch of ap]>arent aroa i- con¬ 
stant, the candle-power is less. White blotting paptT i- one of 
the be^t examples of the diffin^ing type of ndieetirg -urfaor; a 
good sample will reflect about .Vi per cent of the light whieix 
strikes it. 


Since^ light whi(*h fulU upon a I’o 
all direetkuis, it follows that the sha] 
a surface has little effect on the re^i 
In Fig. 49, s represents a light source 
surface reflector aaa. The light 
distribution is the same when 
the reflector has the cross-section 
aaa, bhb, or ccc, for when the 
reflector is viewed from below, 
it simply appears as a white 
disk. However, if a contour 
su(‘h as bhb or me is used rather 
than ana, there will result a 
needless absorption of light due 
to eross-refiectioii of light be¬ 
tween the inside surfaces, and 


ugh surface is refler-Ied in 
)e of reflectors ii-iiig such 
Itiiig distribution of light, 
at the mouth of a rt>ugh- 

6 


/ \ 



F.t; 4'^ < f .ti'’r Has 

la-lativt Ij L.tLr L'it. r rDiirrrj .t.o:. 


the light from s would, therefore, be utilize<l to better ad\ antage 
with the shape ana, 

Reflectors having a rough reflecting surface are difficult to 
keep clean and are therefore seldom U'^eJ, since c»pal glass and 
porcelain enamel offer the same advantages t^ithouT this dis¬ 
advantage. 

Prismatic Glassware. Prismatic glassw’are, as it is usually 
employed in lighting units, is made up of many small prisms 
which compose the entire body of the reflector. The principle 
involved is that of total reflection. At A, Fig. 50, is shown the 
path of a single light ray; the angles of the prism can be made 
such that tvhen the light ray passes into it and strikes the back 
surface be it is reflected to the surface ac and out again as 
shown. It will be observed that, for all practical purposes, this 
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reflection is the same as would be obtained from a polished- 
metal or mirrored surface; that is» each prism is the equivalent 
of a narrow strip of mirror. By tilting this strip longitudinally, 
the direction of the reflected beam can be accurately controlled, 
and by giving it the proper curvature the desired distribution of 
all the light falling on it can be obtained. The tops of the prisms 
are usually rounded slightly, which permits the transmission of 
a small percentage of the light and thus improves the appear¬ 
ance of the reflector. Prismatic gkbsware of proper design does 
not produce striations. 

Dust on the exterior of a prismatic reflector reduces the 
light in the upper direction only, but moisture and moist dirt 
in optical contact with the exterior surface affect the reflecting 




Fig 50 Reflection ui.d Refraction At Reflection by Prism, B, Refraction by Prisms 

power of the prisms and reduce the light output both upward 
and downward. 

A t\q)ical prismatic-glass reflector recommended for industrial 
lighting is shown in Fig. 51. So-called velvet-finish prismatic- 
glass reflectors, Fig. 52, are also available. These reflectors give 
a distribution similar to that of a semi-mat or dull-finish reflector, 
for, as will be discussed in a subsequent paragraph, the etching 
on the inside surface of the reflector gives spread characteristics 
to the reflected light. 

Prismatic glassware is also used for refracting or changing 
the direction of light rays passing through, as in a lighthouse 
lens. The prisms used in refractors are of different shape from 
those used in reflectors. The paths of light rays through four 
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prisms of a refractor are indicated at B, Fig. 5ft. Refractors are 
used with incande.sceiit or arc lamps where a very broad div 
tribution of light is desirable, as in tlie case of street lights, 
triee Figs. 105-lOG.j 

Since with both prismatic reflectors and refractors the light 
is reflected by or passed through clear glass only, the ab-sorption 
is low, and the efBciency of such glassware is of the highest 
order. With prismatic glass, as with mirrored reflectors and all 


Total 

Gear Lamp 

63 

73 

IS 

10 

91 



F«« ol Canfil^Power Distnbution Curve of Clear Lamp with Pn^inatir 
ludubtnal Reflector 


Prismatic Industrial 



Clear Lamp 


Zone Lumens 

0’-60* 1840 

O’-OO” 2130 
90-180* S2S 
I20'-180* 292 

0’-180’ 2660 


other types that afford an accurate control of light, it is especially 
necessary that the light center of the lamps shall be in the cor¬ 
rect position with respect to the reflector; in other words, that 
the proper size of lamp, with the proper holder, shall be used in 
each case, or the desired distribution ■R'ill not be obtained. 

Opal Glassware. Opal glass finds considerable application 
in illumination practice both as a reflecting and a transmitting 
medium. In general, there are two tj^es of opal glass, classed 
as dense and light. The properties of opal glass can be most 
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readily understcirMl if we reheard it as common glass in which 
fine white parti(*les are, so to speak, held in suspension. ^Yhen 
a ray of light strikes this surface, part of the light is reflected 

PriMiiatic Intensive 


Bowl Frosted Lamp 

• ''o Total 

Zone Lumens Clear Lamo 

0 '- 60 " 1315 45 

0 - 90 *^ 1720 59 

90 - 180 * 672 23 

0 180 “ 2400 82 

Fi^. 52 Cau'ile-PoTr er D^tnbutinii Cun-n of Bowl-Frostcd Lamp with Prismatic 
lattijsne Rfile'^tor 


directly, as in the ea^e vf a pfilislied-metal sm*face. The remain¬ 
der of the light travels through the glass in straight lines until 
it sstrikes the white ]>articles, or any minute air bubbles which 




Fii£. 53 I>iasram Showiii?; Reflection and Trananl«»sion Reflection and Transmission of 
Opai Glaar:, R, Reflection from Porcelain-Enameled Steel 


may be present, whence it is dispersed in all directions, some of 
it being thrown back and reflected as shown at A, in Fig. 53, 
and the remainder being transmitted through and out in all 
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4 i 

direction^j. If by chanee a ra\ of %lit passes thnjii;^di tie 
aiid fails to strike any of the white particle-, it out in a 

line parallel to the one aloi\j? wlii(‘h it entered. Thus, if a lamp 
were enclosed in a ball of opal gla^s, through \\hich un tlie 
average, say, one ray in a hundred could pa^s wit]if)ut striking 
any of the white particles, the filament outliiie would be wMblto 
Ill the case of .1, Fig. oo, this would be in tlie dirt*<-tiou bn\ 

The effectiveness of opal gla^s iii retlirecting light depends 
upon the number of white particle.- and their den-ity in the 
glass. An opal glass which permits only about 111 per cent of 
the light striking it to pass through is cJa-.-ed as tvry den-e; 
light opals may allow as much as Oil per cent to be transmitted. 
A totally enclosing opahglass ball may, however, liave an (over¬ 
all output as high as SO per cent; f<ir, while only 00 per cent of 
the light coining directly from the lamp to a point ou the surface 
may he transmitted, siifiicieiit reflected light may also come to 
this point from the illuminated interif>r of the ball to bring the 
total transmission of the ball up to 80 per cent. 

For a typical test piece of glass of tiie common type, with 
40 per cent transmission, about 10 per cent of the total is 
directly reflected, 10 per cent is absorbed by the gla-s, ami the 
other 40 per cent is reflected in all directions. 

Dense opal glass need not be thick. A thin coating of a 
dense mixture may be “flashefl’’ on a hotly work of clear gla-s 
of ordinary thickness to produce what is known as fla<hed opa! 
Tests have shown that such glass usually abstirbs le-s light than 
ordinary o])al gla.ss of equal diffusing power; hence fla^hed opal is 
particularly adapted to use in enclosing units, where the lightest 
density wliicli will hide the filament is desirable and where greater 
tiensity results in unnecessary absorption. 

A more recent development in lighting glassware is the 
application of a fired, white enamel coating to crystal glassware. 
The cliaracteristics of this enamel coating, from the illumination 
standpoint, are identical with those of opal glass, and the fact 
that any portion of a unit may be left clear while the rest is 
diffusing, offers many new possibilities in effective control of light. 

Two important advantages make opal glass a very desirable 
reflector material: (1) its smooth surface minimizes the collection 
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of dust and permits easy cleaning; (2) the glass transmits a 
portion of the light, which renders the reflector luminous and 



Light Density Opal 



Bowl Frosted Lamp 


"I>ToU 

Zone Lumens 

Clear Lai-p 

1020 

35 

0-90’ 1490 

51 

SO'-ISO” 995 

34 

0'-180° 248 

85 


Fk 54 Candlf^-Powcr Di'sfrbuT»on Cur\«* oi Bowl-Frosted Lamp iMth Light* 
Dea-'ity Opai Rctiector 


thereby adds materially to its appearance. These two advan¬ 
tages are largely re.sponsible for the wide use of opal glass for 
reflect(irs and reflecting equipment. 

Opal gla-'S is uaed for open reflectors. Figs. 54 and 55; for semi- 
enehteing units, Fig. 56; for balls, Figs. 57 and 58; for stalactites 




Dense Opal 





Bowl Frosted Lamp 

Zone 

Total 

Lumens Clear Lamp 

0’'60’ 

1345 

46 

O’-BO’ 

1750 

60 

90’'180‘ 

584 

20 

0’-180* 

2340 

SO 


Fig 55 Candle-Power Distribution Curve of Bowl Frosted liamp with Densei Opal Reflector 


and other forms of enclosing diffusers and for semi-indirect units, 
Figs. 59 and (K). Chvdng to the fact that the reflected light is 
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the coiitotir of a reflector is a Ic-s important factor than 
it is in the ease of inirrored-glasb or prisniatic reflectors, and the 



Shallow Reflector 



Diftusing Bow I 


nTcta! 

Zoic Lunens Gear Lamp 

0-60^ 995 34 

0*90' 1750 60 

90-180’ 585 20 

0-180 2330 80 


Fjg 56 Candle-Power Di-stnbutior- Cune of C!far Lamp Diff-udrg 

Bowl and fcliailow IZedertor 


design is determined largely by artistic considerations. Lighting 
units with opal enclosing glassware are popular for use with 
high-power incandescent lamps because of the good diffu^^inn 
obtained for a direct-lighting fixture and because of the variety 
of attractive designs available. The light distribnti<m of an 


Diffusing Globe 


With Reflector 

Total 

Zone Lumeos dear Lamp 

OW 1020 35 

O^’OO' 1695 58 

90“-180’ 175 6 

0^-180“ 1870 64 


Fig 57 Candle-Power Distribution Curve of Clear Lamp with Diffusing Globe and Reflector 

enclosing globe made entirely of opal glass is almost independent 
of its shape. 
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One of tile iiiHiu ailvantaf'es of serai-inclirect lighting is that 
the use of (leiiM* glii'S makes it possible to reduce the 



Total 

Zone Lumens Clear Lamp 

0-60" 380 13 

0"-90" 730 25 

90"-180" 1750 60 

120"-180" 1370 47 

0-180“ 2480 85 



Hg. 59. Candle-Power Distribution Curve of Clear Lamp wilth 
light Opal Semi-Indirect Bowl 

brightness of the unit to a level comparable with the brightness 
of adjacent surfaces in the room. Units for offieeSj schoolrooms, 


Semi-Indirect 



Light Opal 
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and the like should he oi sufficiently <!c! -c 
the unit wlio;5o curve is >Iin-.vu in Imu. i 
Frosted-Glass Reflectors and Globes, 
iiiLssion eluiructeri^tir< may hv hb-.KMl to th- 
iNtics of a senn-niat -urfaeo. Fi^*. h" 
beam of strikiiii;' the appear -urfie 
and the lower surface sand-liia'tcil fu* nrv^ii 
Some <jf the Itaht of courM% jvsks'tt'd 
shown in the figure, hut iuo-t of it tL 


For ^'Xaiiiple, 

hotter Fici. 5th 
Fr •>red-<IiO' truiis- 

roibcrioi’i cLvirncter- 

* 1,0 of a 

o (ii .vLdli F smooth 
vrltii a**ji ctcliin^. 
tr ilLi ihe us is 

.r»*i 3 ::L tI e jlu"?; and 


Semi-lndirect 


Dense Opal 


A-'. 

e - 

i 

0 60 

175 

6 

0 90 

292 

10 

90 -ISO 

2045 

70 

120 -ISO 

1750 

60 

0-180 

2340 

SO 



Fig* 60. Candle-Powpr Dl-tribution Curve of Cl>.ar Laiup 
D. rise Opt*i SeLii-lu'Jiie t Bov i 


as the individual rays strike the roudi surface they are partially 
dispersed. When the eye looks in the direction ha, only a bright 
spot is visible. A familiar illustration is the fro&ted Mazda C 
lamp, in which a central bright spot showing the location of the 
filament, but no distinct outline, is vbible. 

Etched glass should be used rather to give a spread trans¬ 
mission of light than to provide a good reflector. It is of little 
value except for enclosing units. Unless a frosted-glass surface 
is of a very fine texture, it accumulates dirt rapidly and is 


91 




82 


ELE(‘TIiK^ LIf;HTI^X4 


difficult to clean. A n^ceiit tendciK'V in illuminating; engineering; 
has been to make of ^tippled or pebbled glass which has the 
diffuMng characteristics of >and-blasted glass without the same 
roughness or difficulty in cleaning (Fig. Iboj. Glasses of this char¬ 
acter are especially valuable where it is desired to transmit light 
without greatly changing its direction. 

CoIor»Correcting Glass. As has been stated in an earlier 
chapter, tlie light from all incandescent lamps contains an 
excess of red and yellow rays when compared wdth average 
natural daylight. For many u.^.es in which a source of daylight 

character is found desirable, the 
blue bulb, or Mazda C-2 lamp 
as it is called, will be satisfactory; 
it is about the equivalent of 
afternoon sunlight. Where ex¬ 
tremely accurate color matching 
is essential, properly designed 
color-screen plates may be em¬ 
ployed, which, when used in con¬ 
nection wdth a dear-bulb lamp, 
give an accurate duplication of 
northern-sky light. The light from 
such units is of constant quality 
and is in this respect superior to 
natural light, which varies from day to day. In correcting color 
to nr>rthern-sky light, however, the necessary absorption of the 
cxces-> of warm-toned light rays amounts to nearly 85 per cent 
of the total light produced; consequently such units cannot be 
recommended for the general illumination of large interiors, being 
adapted for local lighting only. 

Many efforts have been made to incorporate color-correcting 
qualities in the opal glass of an enclosing globe. In nearly every 
case, however, it has been found that such opal glasses have a 
selective absorption for certain of the spectrum colors, and are 
in fact less to be relied upon in color discrimination than the 
direct light from a elear-bidb lamp. On the other hand, some 
glasses of this character have been developed which have a very 
pleasing white appearance and may well be used in many locations 
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where aerurate eolor (ii^rTiiniiiation nece^-sary but where a 

rla\ light is desirable. 

Porcelain-Enameled Reflectors. The familia r white-enameled 
metal reflector has a surface t\hif‘l*, b«# far a& ir*5 optical character¬ 
istics are cuiiceriied, can be con-idereJ a> a jilaie of opal glass 
in optical coiita<-*t with a steel ba<Liiiu. Tlii- opal mii^t he very 
rlense so that as little light a- pu^-ilde vrill through, for all 
the light that penetrates to the ^teei baekin;r is absorbed, and 
therefore wasted. Enamels \ury cciii'-iderubly in etfieiency and if 
of two reflectors one appear.'^ gray in C(*iii])arison with the other, 
it is .>ure to be consideralfly lower iu efficiency. At Lh Fig. 53, 
i> shown the characteristic (ILtribiition of a pc^rcelain-enameled 
i.urface on ,steel. 

The dura})ility of a porrx'lain-enanieled ''teel surface, even 
under unfavorable atmospheric condition^, its moderate cost, it> 
smooth surface—easy to clean—have made it the most generally 
employed for imlustrial and outdoor w<jrk. The reflection factor 
of porcelain enamel of g(.)od quality ranges from bo to 70 per cent. 
While this value is not high, it is maintained permanently. Since 
some pcjrcelaiii enamel is inferior from the standpoint of the 
reflection factor, care should be exerei^etl in tlie selection of such 
reflectors. About five-sixths of the light retariied from the enamel 
is reflected diffusely, as from a deptdishcd or mat surface, and its 
distribution is therefore inde]>endeiit of t!ie contcmr of a given 
reflector. The degree of control which can be exercised over the 
distribution of light is therefore limited, but is sufficient for most 
factory lighting requirements. In the design of a porcelain-enameled 
reflector, the angle at which the direct light from the lamp is cut 
off by the reflector and the area of the surface are the two char¬ 
acteristics of must importance. 

The commonly empIo\'ed t>q)es of porcelain-enameled refiectors 
are illustrated in Figs. 02 to 09. One of the earlie,st was the flat 
cone, Fig. 08. Toda\" its application is limited to exterior light¬ 
ing. For the illumination of interiors, this unit is never to be 
recommended, since a higher intensity of illumination of better 
quality can be obtained with other t\Tpes. The edge of the 
reflector is at or above the center of the light source; hence not 
more than one-half of the light is intercepted, and the efficiency 
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of the unit in to the work is of necessity low. 

IMneli of the i- emitted at or near the horizontal and, 
<rrikii\^ hi^di on the vrailt? of the room, i- to a large extent wasted. 



Porcelain-Enameled 
RLxM Dome 





Clear Lamp 


Zone 

Lumens 

r. Total 
Clear Lamp 

0 ”‘ 60 ‘' 

1695 

58 

0 ^- 90 “ 

2220 

76 


r :: C2 Cu*'r <>-? j " D '•f’.i' :t (»:. Cunt* uf Ck-ar Lamp with 
i’t “ .1 liLM Dome 


^Yith tijoai.fio'-reiit miit> no diieldiiig of the bright filament of 
the kino arfbr<3t.d, lunce tliC glare will be pronounced except 
where the an u-ni in \tTy high bays, and here much of the 

Porcelain-Enameled 
RLM Dome 


/I 

Bowl Frosted Lamp 

50 Total 

Zone Lumens Qear Lamp 

0 * 60 * 1695 58 

2130 73 


Fig G3 Candie-Pcv, pr Di?trih i^-ion Cun*e of Bowl Frosted Lamp with 
Pur, .^Ltui-Liiaiiieled ELM Dome 

light is wasted- Where lamps are suspended lower, even those with 
frosted bulbs \vill be glaring. Tlie proportion of light received 
from the reflector is insufficient to soften shadows appreciably. 
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The deep, <»r {mwl, reikelMj- run-i '.j i;.', 

larj'ely euiphijed to i.ia.'.iiuMJu -hkM:!!.;' <>•: rl.r h ru;, illame:;-:. 
The iiiktake i' frequently made of t‘ ar -li/ e thiV 

H< srctd i:n -En a meled 
RLM Dume 


Opal Cap 

_ a T«al 

Zer? Lj,'^5"aS C-ar 

0 " 60 ^ 1548 53 

0 $0 1928 66 


reflector intercepts more tints: t; tne rao-t 

efficient in ivdirectiim* the lin’lir tt> tne vo»rk. (Ji^ eoi trar’, 
the output of typical Luwl reflect-i> ouK r,;> i^v «ei]t TLe 



Fig 65 Candle-Power Distribution Cun,'e o: Clear Lan^jj P,'Tr«*l*t,i,-Enar*ir-!;t>a Bowl 


candle-power below the unit is at no angle greatly ditfereiit than 
for the dome, because of the losses resulting from cross-reflection 
in the reflector, and at the higher angles the intensity is con- 
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siderably reduced. Vertical an<l oblique ^^urfaces above the 
general level of the work are frequently inadequately lighted with 
Mieh unit^, and a room with dark surfaces is likely to appear 



Fih? C'iit "I**-? (\.f r Di.s** '>ution Cu’-vf* ot Bowl Frosted Lamp with 
P..,. J laiii-Epauiflyvl Bowl 


ding\. While the deep reflector does shield the eye from the 
direct glare of the filament, it does not in any way modify the 
brightness of the filament images reflected from polished surfaces. 



Furthermore, the surface from which the light is received is so 
small that shadows are sharp and may prove annoying. Diffusion 
of the light coming directly from the lamp is therefore important 
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and the use of bowl-frosted Mazda C Iariij)> recommended 
where there are polished surfaces at the work. 

The dome unit, a nieun between the Mat ainl ty]je>, 

became the standard for the maj<»rity of in.>tullatioiis of ilazda B 
lamps and steel reflector^. The output of topical reflector-^ is 7o 
to SO per cent of the liglit generated by the lamp: tiie percentage 
of light utilization is as high s.< with any enameled un:i>. The 
large area of tin* reflector provide-, a :?oiirce of illumhiatiun which 
tends to minimize the harshness of shadow-. 


Porcelain-Enameled 



Tut 

Flat Cone 

Zo-.j 

i j 1^1.^ 

{ itj.' L-r 

_ 

0'60 

1168 

40 


0-90 

2160 

74 

90 -180 

292 

10 

Clear Lamp 

0 180 

2454 

84 



After a thorough study of the requirements, the principal 
manufacturers of metal reflectors and the illuminating engineerb 
of the Mazda lamp manufacturers have evolved a standard design 
which virtually combines the advantages of the <jlder dome and 
bowl types. The angle of cut-off was made somewhat lower than 
in the old form of dome and this gave the required added pro¬ 
tection from direct glare without appreciably sacrificing the 
effectiveness of the illumination. The new reflector is known as 
the Reflector and Lamp Manufacturers’ CRLM) standard dome. 
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For special angle-type porceluiii-enameled reflectors are also 
avuilahle* 

In the early f!ay< of electric lighting the use of clusters of 
incandescent lamps under p(<r(*elain reflectors of either the flat 
or dome type wa*^ common pra<^*tice; in fact, it was the only way 
in which a light source of considerable candle-power could be 
obtaine<L la general, however, single units are preferable to 
eluaters. One 4np-watt, ga->-fiIled lamp gives more light than 

Te Total 

Zone Lumens Clear Lamp 

0'“60 1490 51 

0 '’' 90 “ 1900 65 

90 "- 180 ^ 29 1 

0-180 1930 66 




Pig f}9 Candle-Power Distribution Curve of Clear Lamp 
\dth. Pur 'tlain-Cnumeled Flat Cone Reflector 
and Shielding Baud 


Porcelain-Enameltd 
Fbt Cone, Shielding Band 



Clear Lamp 


five 100-watt units, and cross-absorption—the loss caused by the 
rays pas^jiiig through more than one bulb—^further reduces the 
efficiency of a cluster by an increasing amount as the bulbs darken, 
averaging about 10 per cent throughout the life of the lamps. 

A reflector Vkhich, while it employs porcelain enamel for 
its principal reflecting surface, also makes use of a polished metal 
cap which is placed over the tip end of the lamp to redirect all 
the downward light upward against the porcelain-enameled surface 
whence it is thoroughly diffused and directed downward, is shown 


as 
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in Fig. 67. The light from this unit is characterized by free<loin 
from glare, and the shadows are soft with gradually fading out¬ 
lines. This unit finds its principal U'C in indu.-,trial plant-: where 
lamps of 1.30 watts, or larger, are used and where refifctioas in 
polished surfaces would prove annoying if ordinary *t < wort* 

employed. The use of a fro'^ted lamp in a .'standard domt^ 
or an opal cap below the lamp, protluces the .-aine elFcL-t but to 
a lesser degree. On the other Laud, dome refieetor-^ with a 
cylindrical band of metal or glass around the lurnp>. Fig. 09, 
protect the eye w^ell from direct glare but fail in ditfu-e the 
downward rays from the source. 

DEFINITIONS 

Diffusing Surfaces. Diffusing .surfaces^ and media are tho>e 
which break up tlie incident flux and distribute it more ov 
in accordance with the cosine lav;, as, for example, white planter 
and opal glass. 

Redirecting Surfaces. Redirecting surfaces and media are 
those wdiich change the direction of the luminous flux in a 
definite manner; as, for example, a mirror or 

Reflection Factor. The reflection factor of a body is the ratio 
of the flux reflected by the body to tlie flux incident upon it. 
The reflection from the body may be regular, diffu-e, or mixed. 
Ill regular reflection the flux is reflected at an angle of reflection 
equal to the angle of incidence. In diffuse reflection the flux is 
reflected in all directions. 

Absorption Factor. The absf»rption factor of a body is the 
ratio of the flux absorbed by the body to the flux incident upon it. 

Transmission Factor. The transmission factor is the ratio 
of the flux transmitted by the body to the flux incident upon it. 

DIFFUSION OF LIGHT 

As suggested in the preceding section, illuminating engineer¬ 
ing is not wholly a matter of selecting and locating reflectors so 
as to throw the maximum light from the lamps in some pre¬ 
determined direction. A knowdedge of such other factors as glare, 
shadow quality, illumination of suiroimding surfaces—in a word, 
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diffusion of light—is necessary before a lighting system can be 
intelligently planned. 

Glare. The presence of glare is the most common defect of 
modem lighting systems. There are six principal causes: 

1. Intrinbic bnlluincy of the source. 

2. Total candle-power from the source directed toward the eye 

3. Distance from the source to the eye. 

4. Contrast in brightness between the light soui ce and the working surfaces 
and burrotmdings. 

5. Proximity of the light source to the line of vision. 

(5. The length of tune during which the source of glare is present withm the 
field of vision. 

Glare has been defined as “light out of place/’ It may be 
more fully defined as any brightness within the field of vision of 
such a character as to cause discomfort, annoyance, interference 
with vision, or eye-fatigue. Always a hindrance to vision, it often, 
like smoke from a chimney, represents a positive waste of energy. 

A glance at the sun proves that an extremely bright light 
source within the field of vision is capable of producing acute 
discomfort. Light sources of far less brilliancy than the sun, 
such, for example, as the filament of a Mazda lamp or the incan¬ 
descent mantle of a gas lamp, are also quite capable of producing 
discomfort by direct glare, though the annoying effect is not 
usually so marked. Too frequently the consideration of glare is 
assumed to be entirely a question of intrinsic brilliancy of light 
source; of equal importance is the question of total light fiux 
entering the eye. Tests have shown that a 10-inch opal globe 
equipped with a 500-watt Mazda C lamp, hung approximately' 
10 feet above the floor and 10 feet ahead of the observer, will 
prove quite as glaring as a bare 75-watt Mazda C lamp in the 
same location. Although the intrinsic brilliancy of the opal globe 
unit is only two or three times that of a candle flame, its total 
candle-power and hence the quantity of light which reaches the 
eye at this close range is so excessive that its effect is just as bad 
as that of the filament of the lower candle-power Mazda C lamp 
which has an intrinsic brilliancy of 3000 candle-power per square 
inch. On the other hand, the same 500-watt unit at twice the 
moxmtmg height might be entirely unobjectionable, because a 
greatly reduced quantity of light would then reach the eye. 
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Beterminnfiijn of rahiCH, From what ha^ preceded It U to }>e 
seen that there are at least two di.'5tiiu‘t bri^ditne-^es which are of 
particular interest in connection with illiiniination pnihlems. 
The more definite of these two is the brightness at which a given 
source looks just uncomfortably bright when viewed ca>ually 
against a background. The second, and of nmeh lower value, is 
the brightness at whic-h a source proves tiring and causes fatigue 
when continually within the field of vision a considerable 
period of time. The latter value is much more difficult to deter¬ 
mine, and it apparently varies through wider limits for different 
individuals. What these values represent may, perhaps, be more 
clearly understood by considering tlie analogous case of looking 
out of a window which by day is a source of light fur a room. 
Lhdess the room is very dark or the landscape very brilliant, the 
effect of looking out of the window for a moment will not be ax 
all unpleasant, but to sit all day facing the window would prove 
extremely tiring, even if one were sitting at a de-^k or table and 
not paying particular attention to the window. This window is 
exactly comparable to a light source which is not bright enough 
to cause an immediate sensation of glare but too bright to be 
viewed continuously. 

The problem of determining definite limiting values fur 
two conditions of glare is rendered extremely difficult because of, 
the fact that the extent to which glare is objectionable partially 
dependent upon the contrast in brightness between the light 
source and the background. This is illustrated by the fact that 
although automobile headlights as seen at night are likely to be 
so glaring as to be temporarily blinding, the same lights would 
in the daytime hardly be noticed. The permissible brightness of 
a light source is greater when the general illumination is of high 
intensity than when it is of low intensity. That is, for a room 
wffiich has dark walls and furnishings, a unit of lotxer brightness 
should be used than might be found comfortable in a well- 
illuminated room in which the decorations are light in color. 
The permissible ratio between source brightness and background 
brightness is not, however, constant; the ratio is smaller at high 
values of intensity than at low ones. In fact, investigation by 
Dr. Nutting has indicated that increasing the brightness of the 
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TABLE X 


Brightness of Artificial Light Sources 



Am)i oxiiiiiite 

C-p i><‘i 
Stjuiiit* Ineh 

Milliliimbertfa 

Crat<*r of carbon aic 

S3S00 

40800000 

Fiauiiripi-arc (lear globe 

5000 

2435000 

arc 

4000 

1045000 

Filaiaont of ga>“fiilf*<l tung^rcn lump 

2<S80 

1400000 

rihinifait of vacijiin lamp (1 25 \Y P C.» 

1060 

5160C0 

Quartz tube, iiicrciir>-vapt-^r are 

Filaiiif'nt oi carbon Lriip » S 1 W P.C l , 

1000 

4S6700 

4S5 

230000 

1 Wclbbach iiiaullf' 

31 

loOSO 

; CoopT-IL'Witt glii*"-?ube lii^rcury-vapor lamp , 

14 

6SO0 

i C'andlt^ fiuiiio } 

3 

1400 

1 Sky, aT**rai£<^ brightii* >> ... 

4-2 1 

! 2000-1000 

j Side of 25-^art fro-Tt*d lamp . . 

0 1 

i 2000 

i Howl-frobt(^<l, ir^M\arT, aub-filieii ' 

50 

25000 

1 Tcn-iiich, opal-ball cnclo^ma. ICMFwatt | 

1 lamp . . ^ ^ ! 

oc 

1 

1 300 

1 Twcnty-inoh dtaiio ’witli coii<‘eaitd source, 200- ' 

, watt lamp ] 

1 . . 

1 

2 1 

i 

: 930 


}>ackgruuiid ten fhitiA* only pt^mits of doubling the brilliancy of 
the light source if the se^^ation of glare is to be avoided. 

Ordinarily Hie brightness of a lighting unit which is in the 
central portion of the cisual field should not exceed from 2 to S 
candles per square ineh of apparent area {1 to lamherts)^ if that 
unit is tuii to gicf rise ifumedintely to a sensation of glare, and the 
brightness should he reduced to one-half candle per square inch of 
appannf area i.do hinbrrts) if it is nut to fatigue the eyes when 
viewed continually. In this connection it is interesting to note 
from Table X that the candle is the only unmodified light source 
that would ii<ft be classed as immediately glaring when measured 
by these criteria, and on the other hand, that the brightness of 
the sky rarely exceeds 3 candles per square inch. A 200-watt 
Mazda C lamp in a 10-inch opal ball of medium-density glass 
will emit light of an intensity of about ISO candles (the opal ball 
so diffuses the light that the candle-power in all directions from 
the unit is approximately the same). The apparent area of a 
ball 10 inches in diameter is about 80 square inches, hence the 
opal ball is a somce emitting 2J candles per square inch of 
apparent area. Such a unit would be too bright for an oflBce, 
but would be satisfactory for hallways, store rooms, and similar 
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places which are used intermittently, and fur many sturfs and 
industrial plants where th(»<e using the illurnlnatioii frequently 
move about and are not called upon to face the Hgliting unit^ 
for long periods. If a OO-watt lamp v/ere >nb'tituiHl for tht' 
200-watt in the 10-inch ball referred to, the lirightnc'^-^ W(»n!d b»* 
reduced to slightly more than h candle per square inrh, and thi^ 
would usually be the largest lamp that coiiH he u.'.e<l in a tnedimu- 
density opal ball of this size if all dang(‘r erf glare were to be 
avoided with the unit place<l in an office <*r a >iinilar location. 

Where the direct ligiit from sources m the fi^-id of vi-iiui 
causes glare, it is sometimes po-dble to improve p<jor lighting 
conditions by changing the portion of tlie sounv^. Little inter¬ 
ference with vision is evident wluTe light ^ource^ are from 25 to 
oO degrees away from the normal line of sight: l>ut evou when 
so located they are quite capable of priMlucing e\e-fatig:ie if coi3- 
tinually within the range of vision. 

Specular Reflection, A form of glare wliicii is often ]e-> 
<)bvious than that which comes direct friiin tht^ sour<*e to the 
eye, but which is frequently more harmful because of its iu^idiou- 
iiatm'e, is that \vhich comes to the eye as glint or a reiicctioii of 
the source in some polished surface. This f(jrm of glare, known 
as specular reflection or veiling glare, is frt^quently encountered 
where the work is with glossy pa}*er, ]>oIished nieial or furniture, 
or other shiny or oily surfaces, and is particularly’ harmful be«*au-c 
of the fact that the eye is often held to sucli surla(vs for Luig 
periods of time, and, further, because tlie eye is e■^pe<*ially sen¬ 
sitive to light rays entering from below. While the glare may 
not be sufficiently' aimoy'ing to be recognized as of a seriou- 
nature, it will nevertheless in time pn^duce eye-fatigue or even 
permanent injury’. Since the brightness of the reflected image 
is dependent upon the brightness of the light source, it follows 
that the harmful effects of specular reflection can be minimized 
by reducing the brightness of the light soimee. Frequently, 
specular reflections can be prevented from striking the e\'e by 
locating the light source in such a position with respect to the 
work that specularly reflected light will be thrown away from, 
rather than toward, the worker. The use of lighting units of 
large area and a diffusing medium to prevent any direct rays from 
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the lamp striking the surfaces illuminated will aid in preventing 
bad specular reflection, but, on the other hand, if the source is 
ver}^ large, as, for example, a ceiling lighted by indirect units, a 
certain amount of specular reflection cannot be avoided. For 
a machine shop a more highly diffusing light som*ce will be 
required than for a wood-working shop, because the reflected 
images from metal are much more distinct than those from wood. 

Shadow. Shadows may be troublesome if they are sharp or so 
dark that it becomes difficult to distinguish between them and objects, 
or if the illiiminatiun in the shadows is insufficient for good vision. 
With general lighting, shadow^s from the work or fixed objects can 
be modified by placing the light units high and close together. 
A maximum degree of shadow results in the case of direct-lighting 
i»ystems using dear-bulb lamps in open reflectors of small area; 



Fig. 7o. Wiute Cube Lighted fiom Vaiioub Directions 

a minimum in that of totally indirect lighting systems. Enclos¬ 
ing and semi-enclosing units produce shadows which are softer 
than those produced by open reflectors but much heavier than 
those produced by totally indirect systems. With semi-indirect 
units, almost any degree of shadow can be obtained by varying 
the density of the glass. 

In observing objects in their three dimensions, shadowrs are 
an aid to vision in that the surfaces can be more easily dis¬ 
tinguished from one another than if they are all lighted to the 
same intensity. Fig. 70, reproduced from photographs, shows the 
pow'er of light to change appearance. How'ever, while shadows 
are of great value in the discernment of irregularities of surfaces, 
they are of little or no value in the observation of plain surfaces. 
For example, while shadows are highly desirable in industrial 


t04 








ELF/TRir LIGHTING 


95 


work, in they are unneee''>ary, and, iu fact, often a decided 

nuisance. With few exceptions, t)nly s>ft, luminou.s shadows are 
desirable in interior lightin.a;; tho-e having sharp edges or a series 
of sharp edges are objectionable. 

Illumination of X'ertical Surfaces. For many location^, such 
as offices and drafting rooms, light is required principally on 
horizontal planes, such as desk ttips or table tops, and it has bee!i 
the custom to calculate illumination on the basis of that delivered 
to liorizontal surfaces with the assumpti<jn that the oblique sur¬ 
faces of objects would be sufficiently lighted. Tlii^ practice may 
result in inadequate illumination. In a machine shop, for example, 
the lighting of the vertical surfaces of the work or of machine 
parts is fully as important as the lighting of the horizontal surfaces. 
As a matter of fact, most shops are lighted during the day only 
l)y light from windows, which give a greater light on the vertical 
surfaces than on the horizontal. In all such eases where direct 
lighting is used, only those lighting units should be installed which 
show a reasonably good candle-power in the 50-70 degree zoia^ 
as well as below these angles. A shop liglited by clo^^ely spaced 
automobile hea<lliglits directing the light downward fn^m the 
ceiling wcnild furnish ample light on a horizontal plane, but such 
lighting would be far from satisfactory. 

Desirable Wall Brightness. The etfectiveue>s of a lighting 
system depends not only on the etfectiveness of the lighting 
unit, but on the reflecting properties of the walK, ceiling, and 
surroundings, and upon the proportions of the room. It is. in 
fact, entirely possible to find an installation of reflectors of poor 
design and inferior from the standpoint of glare, wliich is never¬ 
theless, from the single criterion of the percentage of light reach¬ 
ing the illumination plane, better than an installation where 
reflectors of good design are used, if the former are installed under 
favorable conditions such as light walls, ceiling, etc., and the 
latter under unfavorable conditions. On the other hand, it must 
be borne in mind that a large expanse of light waU surface so 
finished as to reflect a large volume of light into the eye is 
objectionable for offices, residences, and all rooms where the 
occupants are likely to sit mth the walls directly in view for 
considerable periods of time. Such data as are available indicate 
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that where the brightness of the wall is equal to, or greater than, 
tSie brightiie>s of a sheet of white paper lying on an adjacent 
table or desk, annoying glare will result. In fact, a ivall brightness 
(f eirn one-half that of the paper on one's desk has been found 
unsatisfaetonj—a brightness of 2*^ per cent is, apparently, comfortable. 
With the usual t;s'|x^s of lighting units, walls are not illuminated 
to intensities as high as tho.se obtaining on desk or table tops, 
and therefore walls \%luch reflect le.^3 than 50 per cent of the light 
which strikes them slnaild not produce discomfort, providing, of 
eour.>e, that they are of a mat or semi-mat finish. Walls finished 
ill buff, light green, or gray reflect about the proper proportions 
of light and their use is meeting with general favor. Walls 
finished in a high gloss are not satisfactory from a glare stand¬ 
point. 

PLANNING A LIGHTING SYSTEM 

The requirements to be met in the choice of reflecting equip¬ 
ment and in the #]esigii of a satisfactory lighting installation are. 

1. Sui£ciMit light of unvarjnng intensity on all principal surfaces, whether 
in horizrsnfal, verti(‘al or ohiifjae planes. 

2. A compar ible intensity of light on adjacent areas and on the walls. 

o. Light of a colr^r and spectral character suited to the purpose for which 
it is employed. 

4 FrK.^lom from glare and from glaring reflections. 

.*). Light d.ir*'cted and dilrused as to prevent objectionable shadows or 
eontrastb of intensity. 

G. A lighting appropriate lor the location and lighting units which 
are in harmony with their surroundm^, whether lighted or unlighted. 

7. A system which is simple, rehable, ea«!y of maintenance, and in initial 
and asperating co*t not out of proportion to the results attained 

Complete satisfaction cannot be expected from an installa¬ 
tion in which any one of these requirements has been neglected. 
As has already been mentioned there are but two electric illumi- 
nants which are frequently considered for interior lighting today, 
the incandescent lamp and the mercury-vapor lamp. 

Chief S} stems of Illumination. There are three general sys¬ 
tems of illumination which have come to be classified in accord¬ 
ance with the manner in which the light is distributed: 

Direct-lighting systems 
Indirect-lighting systems 
Semi-indirect-lighting systems 
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Direct-Lighting Sy.siem, In direct the is sent 

direct to the surface^ to be illuminated. Rellectors r*r enclosing 
glassware are used to improve the distribution <*t the liglit and to 
difiuse the dire(*t rays from the lamp, aii<! to incri^ase tlie apparent 
size of the source. With open reflectors, both direct i;’lare from 
the lamp and glaring reflet*ti»»ii.-» are modified ]»y fronting the 
lamp and by using a reflector of large area. These jiieusures 'W'ili 
also have the effect of softening the shadows. Illumination of 
vertical surfaces can !)e accomplished by -electing a unit having 
a distribution of light which is not too coneeutratiug. 

Units may either be placed close to the indivi<luu] objects or 
work which it is desired to illuminate, known local lighting, or 
they may be mounted well up near the ceilir.g. and from thi^ 
location distribute an approximately uniform illumination o^'-er the 
entire area, known as general illumination. Becau>e of their 
location at or behiW the e\e level, iiidividnal lights must be 
especially well shaded, and in almost all '^ucli installations the 
addition of a certain amouiit of general ilkimination is an absolute 
necessity; finst, to make it ]>o^'.i})le to move aljout the room in 
safety, and second, to reduce briglitne>s CNaiirasts to a ratit^ 
tolerable to the eye. For mo^t utilitarian iii^tailatiuii< the better 
course is to install an adequate overhead ligiiting s%:5iein and 
eliminate drop cords entirely. 

Indirect-Lighting Systems, In indirect lighting the ceiling and 
walls redirect and diffuse all the light emitted by tlie units. Since 
the ceiling acts as the light source, with the maximum dLtribution 
directly downward, glare from the unit is avoided, and shadows 
are soft, but for a given illumination on horizontal surfaces there 
is usually less illumination on vertical surfaces tlian with other 
systems. For some locations, shadows are not sufficiently defined to 
be of much assistance in the discernment of small surface irregularities. 

Semi-Indirect Lighting Systems. In serni-indirect lighting the 
features of the direct and indirect systems are combined. With 
a correctly designed bowl of dense-opal glass, the brightness of 
the unit is low enough to avoid eye-fatigue, and sufficient 
direct light is emitted to produce the proper degree of vertical 
illumination and the soft or graded shadows often desired. A 
light-density opal may be used in certain locations where the 
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units are hung high and the nature of the work is such that 
they are not in the usual range of vision. 

Selection of System. The characteristics of the room to be 
lighted are important in the selection of a lighting system. The 
presence of large quantities of dust usually discourages even a 
consideration of indirect and semi-indirect systems for industrial 
lighting. The dark tone of the walls and ceiling in factories also 
tends to preclude the use of these systems. Cost and eflSciency are 
factors which may limit the choice, although the present tendency 
in industrial lighting, particularly in the more specialized man¬ 
ufacturing branches, is to make good lighting the first considera¬ 
tion. It may well be mentioned that in connection with the 
lighting the liberal use of paint or whitewash can hardly be too 
strongly recommended. 

In residence, store, oflSce, and public-building lighting, the 
system must be of good appearance and in harmonious relation 
with the decorative and architectxiral features of the surroundings. 
Incandescent lamps in semi-indirect and enclosing units lend 
themselves most readily to these classes of service if the color 
of the ceiling and walls permits their use. It should always be 
borne in mind, however, that such units, to be satisfactory as 
to glare, must be selected with care in accordance with the sug¬ 
gestions previously given. Totally indirect units, on the other hand, 
are practically certain to be satisfactory from this standpoint. 

In the choice of a lighting unit the question of color must be 
considered, both that of the illuminant itself and of the reflecting 
equipment as well. For esthetic reasons warm tones are often 
preferred. For the discrimination of fine detail a monochromatic 
light, such as the mercury vapor, is sometimes of advantage. 
Under certain conditions the principal criterion is the penetrating 
power of the light, and here the appearance of the sun through 
fog or smoke evidences the fact that a preponderance of red and 
yellow rays is most effective. For color matching and for certain 
other operations in which objects are most easily differentiated or 
identified by their color, a light source closely approximating day¬ 
light in spectral character is to be sought. 

Aside from the renewal of lamps, and breakage, depreciation 
of the light output of a unit due to the coUeclion of dust is 
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usually the largest item to be considered from the standpoint of 
maintenance- It is evident that lighting units which have con¬ 
cave reflecting surfaces opening upward will collect dirt much 
more quickly than if the surfaces opened downward. The con¬ 
tour should be simple and the exposed surfaces smooth in order 
to expedite frequent cleaning of the unito. 

From the many lighting units on the market, a selection of 
a certain unit should first be made on a basis of ith character¬ 
istics with regard to absence of direct glare, glaring reflections, 
and sharp shadows, the nature of its light distribution adapted 
to the nature of the work and to the possible spacing and hanging 
height. The consideration of appearance, efficiency, maintenance, 
and cost will then determine which unit to select. The distribu¬ 
tions of units included in the section “Reflectors and Enclosing 
Glassware’’ and the comparative data bhcjwn in Table XI should 
prove of considerable assistance to one in arriving at a cii<dce. 

Choice of Intensity. The eye is capable of adapting itself 
to see under illumination intensities which range from a small 
fraction of a foot-candle to several thousand foot-candles in value. 
At very low intensities the eye does not receive sufficient light 
to enable it to distinguish color or detail, and at very high values, 
a blinding effect which also obliterateb detail is ex]>erienced. 
Between these limits there is a wide range of inten>itiea where 
good vision is possible. Considerations of economy u>ually limit 
the intensities employed in artificial lighting to the lower values 
of this range. So closely is the lower limit approached that it 
is necessary in designing a lighting installation to take into con¬ 
sideration such factors as the color of the objects requiring illumi¬ 
nation—for objects are seen by the light which they reflect, and 
dark objects require higher intensities than light ones for equally 
good vision; the order of brightness of surroundings; the amount 
which it is considered expedient to apportion for the advertising 
value of a high intensity; and the intricacy of the work wffiich is 
performed under the artificial lighting- For example, a jewelrv^ 
store in a small town may be brightly lighted at an intensity of 
4 foot-candles, whereas a jewelry store located on a prominent 
business street in a large city will require, to be considered well 
lighted, an intensity of perhaps 6 or 8 foot-candles. Again, the 
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TABLE XI 

A Guide to the Selection of Reflecting Equipment* 
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*A-r . . . Best 

A Exef'IIent 

B-f* V#Tv 

h . .. 


B. Goed 

C+ . . . Fair 

C.Weak 

Condemned 


\ if, an* ratr^i m accordance with seven fundamentals. 
The *)f irup^ <‘rirerui h? different for different classes of serv- 

i -c. In a drifting rvim, example, the elimination of shadow is of far more 
than th** iHuminatlim oi vertical surfaces, whereas in the lighting 
td a fvrmt’rir^ the reverse is true. 

The to r^e different equipments are relative and apply 

only whf^n the \nlt« fire Uim with the same size of Mazda C lamp and under 
simihfcr c.mditlorjf. In some coses individual units so far excel the others of 
the gr^^up a* to wairaEt a higlser classification than is here given. 
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TABLE XI—Continued 

A Guide to the Selection of Reflecting Equipment—Continued^ 
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Courtesy of Engineering Deparimeiit, Naiunu^ Zamp WoT 7 :i 9 of Genera Electric Company, 


* 1. If globes are very large, rare B glare; if very -mail, C. 

2. Rate C+ on glare if the bowl is noticeably brighter than the upper 
reflector. 

3. Ratings apply only where work is being done on polished or oily 
surfaces. 

Maintenance depends on contour of reflector, construction of fixture, and 
condition of ceiling. The rating is based on labor involv«*d in maintaining 
the units at comparable degrees of efficiency, and on the likelihood of the need 
for cleaning being apparent. 

The column headed '‘Favorable Appearance of Lighted Room'' refers only 
to the general or casual effect produced by the complete system, and is not 
mtended to rate the unit as to its satisfaction from the standpoint of good viaaon 
or freedom from eye-fatigue. 
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TABLE Xn 

Present Standard of Illumination 


j <’nitnU*‘?4 1 

Auditorium, Church 

n ' 

Armory, Public Hall 

1 i 

School 

Classroom, study room, library It 

Store 

Show window l(t .10 

First-floor department, shop on bright 
street or corner 7 10 

Other clothing, dry goods, Imberdashery, 
millinery, jewelry, etc. 1 7 

Other drug, grocery, meat , Imkt^ry, book, 
florist, furnituns et<‘. It .1 

Office 

Private, general 1 s 

Drafting room S 1 *..* 

Industrial 

For rough manufacturing occupations, j 
such as rough assemliling, rough forg¬ 
ing, rough woodworking, ic<*-making, 
potteries, lumber millSj tann(^ri<*H, (d.i*. 3 ft 

For medium iminufactunug ot^eutiations, | 

such as medium woodworking, rough 
machining, rough bc'iudi work, auto¬ 
matic-machine work, ptieking, 

paper-making, laundries, bak(*ri(*s, etc, \ H 

For fine manufacturing occupations, such 
as fine assembling, leatlu^r-working, ' 

fine woodworking, flue lathe work, 
tobacco manufacturing, fitu^ sluKd- 
motal working, manufacturing light- 
colored textiles, etc. ti 12 

For extra-fine manufacturing occupa¬ 
tions, such as watch and jewedry manu¬ 
facturing, engraving, typi'setting, sho(‘ 
manufacturing, (mamchng, manufa(‘- ! 

luring dark-colorc'd textih^s, ' ,S and up ' 

Building Exterior 

a.r, , 


niuflt l)p lomoinbcrod tluit, other ihiuKH bcihip; e(ivuU, work oti (Uirk r^hkIm .i 

higher illumination than work on light goods 


cloak and suit department of a largo store will rociuiro a higluT 
intensity than will the white-gewds doiJartmont. An iudiwtrinl 
plant engaged in rough-box manufacture would bo well lightwl 
at an intensity of 4 foot-candles; in a high-grtwlo machine shop 
an intensity as high as 8 or 10 foot-candlcs would be deairablc. 
The values given in Table XII have been estabUshed, by experience 
and used by various authorities as standard in current praetiw. 
Bearing in mind the character of the work, the fineness of detiiil 
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to bo obsorvod, and the standard of lighting of the immediate 
surroiindings, one should be able to select a suitable intensity 
from the range of intensities given to serve as a basis for illumina¬ 
tion calculations. It should be reinembered, though, that the 
intensity so chosen can rarely be exiictly provided in practice, 
and it should be considered sim])ly as an assumed desirable value 
which permits the ('alculations to be. carried through. 

Light Losses. The average light output of modern incan- 
desc*ent tungsten lamps throughout rated life is about 94 per cent 
of the initial value, and the collection of dust on the lamps and 
reflectors in siTvice will j)roduci' an additional loss of light, the 



amount dep(*nding upon the frequency of cleaning and the con¬ 
ditions of serviw. Open reflectors cleaned at regular intervals of 
from two to si.v weeks ordinarily show a loss of from 5 to 20 per 
<‘('nt at the <‘nd of the period, depending upon the tyi)e, Fig. 71. 
With an indire<‘t system the depreciation is perhaps twice as rapid 
as for the same unit lamdent. Experience has shown that an 
inerniase over the tlesirt'd average intensity of 20 per cent may be 
taken to covct both the decreasMi in lamp output and the dust 
depKS’iation under best tionditious; in a foundry, or a roundhouse', 
an increase of 40 per anjt would not be excessive. Since the 
actual intensity remved from a lighting system should average 
not Im than the value scle('tc.d from the table, the value selected 
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should be multiplied by a ^^depreciation fa<‘tor'’ of from 1.20 to 
1.40, depending upon existing conditions and the l\'p(* of fix{urt% 
in order that the decrease from tlie initial int(*nsity will not caust* 
the average illumination to fall below th<‘ <lesir<Hl valn(\ 'rhe 
depreciation due to dust in the case of tlu* nKU’cnr^x-vajair lamp 
is comparable to that of an incaiules(‘ent lamp in a rclh*ctor» 

but the average candle-pow^er of the tube its<4f is a somewhat 
lower percentage of the initial (see Fig. 2!)), hen(x‘ a (*orr(\spon(l« 
ingly greater depreciation fa(*tor should h(‘ allowc'd. 

The finish of the walls and ceiling of an offie(‘ utleets iu a 
considerable degree the efficieiuy of a lighting installation. Invt^s- 
tigation of a complaint of inadequate ofH(*e illumination, wlM*r<^ the 
system consisted of indirect silvered-glass units proptTly l(»eat<»d, 


disclosed the following facts: 

l*«'r 

Before cleaning reflectors Il.Tf) Kill 

After cleaning reflectors 'IKIK 12." 

Cleaned reflectors—^now lamps f>.2(i MO 

Cleaned reflectors—^new lamps—ropainted ei'iling (i.7S ISl 


The original finish of the coiling was a ycllowish-crciun itaitil 
on sand-surfaced plaster. This had become somewhat blaekimed 
during two years’ service. It will be noted that refiiiisiilng the 
ceiling with paint of good reflecting (!haraetcristi<“s and of a some¬ 
what lighter tone than that previously used n'sulted in an inereasi' 
of 30 per cent in useful light. 

Owing to the loss of light through absorjition by tla* ndleefor 
or enclosing glassware, by the fixture, and by the walls and ceiling, 
only a part of the total light emitted by a lump nawiies lli(‘ 
designated plane. Of the light sent in directions other than tiiose 
where it is used, some will be rcdircc'twl by the eeiling, walls, and 
other surfaces on which it falls, and the perc'entage of the total 
lumens emitted by the lamp which ultimately rea(>lu'H the desin'd 
location will, therefore, vary widely with the proportions of the 
room and the nature of the surroundings. Contrary to the genenil 
belief, the absolute height in feet at which units are mounted Inis 
in itself no influence upon the percentage of light utiliml, so long 
as the same proportions are maintained. For example, if tljere: 
are two buildings, one 20 feet by 60 feet and 10 feet iu height, 
and the other 40 feet by 100 feet and 20 feet in h<»ght, it is 
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<*loar from Fig. 72 that the offootivc angle and hence the effi- 
(‘ieneies of the lighting syHt(‘ms in the two buildings will be the 
same. If the small building is illuminated by eight 100-watt 



lamps on lO-foot (‘entx^rs and the large building by the same 
number of *l()()-watt lamps on 2()-fo()t centers, the average inteu- 
vsity of illumination will be the same, neglecting the difference in 
the eflicaeney of the lamps, and the distribution of light will be 
similar. On the otluT hand, the proportions of a given building 
or room have a V(^ry important bearing ui)()n the i)ercentage of 
light utilized. In Table XU I are shown the (‘oefficients of utiliza¬ 
tion, as the per<*entages are called, for the more (jommon refle(‘t- 
ing equipments wlum used in square rooms. For rooms in which 
the ratio of width to ceiling height is small a low utilization 
obtains, be(‘ause, as shown in Fig. 73, a r(jlativ('ly greater portion 
of the light strikes and is absorbed by the walls than is the (*ase 
in a largo room. 

A criterion (‘ailed ‘‘room 
ratio'' has beim ('stablislwd to 
take this facdor into a(‘(‘ount; 
formerly it was evaluat(‘d sitnply 
by dividing tlu^ room width by 
the (^(‘iling Insight. A more a(‘<‘u- 
rate method of computing this 
ratio is, however, shown at the top of Table X. For areas having 
room ratios between those given in the table, proportionate values 
should l)e used; where the room ratio exceeds 5, the increase in the 
coefficient i$ so slight as to be negligible and tlic coefficient for a 
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COEFHCIENTS OF UTILIZATION 


the room compared with the height of the light sources aoove me levci oi tne worn, i im tapic oi 
Coefficients applies to installations having sufficient lighting unu« symmetrically arrangtHi to pro- 


Room Ratio* 


The proportion of the total light from the lamps reaching tlw plane <»l tlie woik \% the tUieffi- 
cient of Utilization of an installation. For a given reflector etjuipmenuthe (kwmt'Kut ts <H*jK*iHient 
upon the color of the ceiling and walls, and upon the “Room Ratio**, whic^h »% the rewm e idth of 
the room compared with the height of the light sources above the level of the wtirk, I his table of 
Coefficients applies to installations having sufficient lighting unus symmetrically arrangetl to pro¬ 
duce reasonably uniform illumination. 

SQUARE ROOMS—To find Coefficient of Utilization, 

(l»t) Determine Room Ratio. 

For DIRECT installations, (first 16 units of tabic), 

_ w idth of room __ ^ „ 

Koom Katio *- 2 x height from pGne of work to kmpx 

For INDIRECT and SEMI-INDIRECT installations (last 4 units of wtild, 

__width of room 

Room Ratio f 14 X height from "plane of work to Ufhng 

(2nd) Find Coefficient in proper column of ceiling and wall colors opposite this Room 
Ratio value. 

RECTANGULAR ROOMS—Find the Coefficient as above for a M|uare room of tin* natiow iliinen- 
sion and add one-third of the difference between this value and the CoeffUient ftir a stpiare loom 
of the long dimension. 


Ceiling 

Cdor (Reflecting Value) of 









































































TABLE XI n—Continued 


EXAM|>LRS ILI^USmATlNG USK OF TABLE 

(a) Fmd the Cloefficient ot Utilisation for an RLM Dome, clear lamp, direct installation in a rectangu¬ 
lar room Mr x lacr; ceiling height, 2/; lamps mounted 20 above the plane of work; plane of work 3' 
above the floor; ceiling color, light; wall color, medium. 

For a stiuare room, narrow dimension, 

40 

Room Ratio x 2(T ’ Coeffident =» .43 

For a square room, long dimension. 

Room Ratio 2 ^%^ Coefficient.62 

Coefficient of Utili/ation for the rectangular room with RLM Dome, dear lamp units is then, 
.4.^ f yi(.62 .43) . .49 Ans. 

(h) In the i*ame room with an indiiect, clear lamp installation, find the Coefficient of Utilisation as 
follows: 

For a .s(|uare room, narrow dimeasion, 

Room Ratio 1.25 Coefficient 21 

I'/i X 24 

For a Miuare room, long dimension. 

Room Ratio |i /,^24 '•^75 Cix'fficient. — 35 


Coefficient of I Itili/ation forthe rectangular room with indirect,clear lamp units is then, 
21 I l/i(.35 • 21) 26 Ans. 
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.44 
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.28 

.34 

.39 

.44 

.49 
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ratio of 5 should be used. For riH'tiuigulnr rooms, tin' {•offlii-mid of 
utilization may be determined by miding to the coeflic-ieiit for a 
square room of the short dimension, one-third the dilfert'itee Ii<'t\v<‘(*n 
this value and the coeffieiont fora squaiv room of flu* long dimen¬ 
sion. For example, coefficient for light <lensity .‘<emi-indin‘<*t units 
used in a store with light ctdlings and walls IK ft*<*f wide by 120 feet 
long, with a ceiling 12 feet high 1) fe<*t aliove tlie eounliTs is 
found as follows: The ratio for a room 20 f(‘<‘t s(iuar<‘, and of 
the height designated, is- ‘'"'I the e<irres|Htnding 

coefficient is .34; the room ratio for the long dimension is HI, 
and the coefficient .51; then the coefficient, for our room is 
.34-I-K-51 —••‘14) = .40 Ans. It should be noted that this figure 
is not the same as woxild be obtained by finding the eis'flieient 
applicable to a single square room of e(iual area, «>r to a .singh* 
square room whose length and breadth are <*(jual to the a\'erage 
of the length and breadth of the reetiingular roojn. Data for dome 
steel reflectors and clcar-bulb lamps also apply to trough reflectors 
used with Cooper-Hewitt lamps. 

The total lumens required for any room is, then, tin* prialuet <*f 
the desired intensity, in foot-candles, aiul the an'U of tlie surface 
to be illuminated, in square fet*t, divided by the eoeffieii-nt of 
utilization. It should be remend)ered that the. value for tin* 
desired intensity should be multiplied by a depreciation factor in 
order to ensure an average intensity in service e(iuul to that 
originally chosen. 

Location of Light Sources. From an analysis of distribution 
curves of the different units, fairly definite ratios of maximum 
spacing distance to hanging height which w'ill insure a higli degr<‘<* 
of uniformity in illumination have been determined for various 
classes of reflecting equipment. Table XIV, with its foot-uof(‘s, 
presents values which may be used with the knowledge that if 
the ratios are not exceeded, uniformity of illumination will result. 
It may be emphasized at this point that closer spaeings than thos(‘ 
calculated may be used without hesitancy; uniformity of illumina¬ 
tion will suffer only from too great a distiuiee betwmi units, never 
from too little. Although somfe of the units give a high degrt*<‘ 
of uniformity with wider spacinp than tho.se listed in tlie tatile, 
the long, heavy shadows which result from units widely sepawited 
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TABLE XIV 

Maximum SpacinRS ami Mininuim Mounting Heights Recommended 

for Various Units 

(Mounting iiciglil (‘<(Uu1h (iistimcc of iiglit, Hoiinu' nbovo pltino of illumination) 


Kijuipmunf 


HiKU'iiifi; 

MountiriK 


♦Itutio Mount inf< 

tliatio-* HoiKht 


llmKlii. 

SpacMUK 

PHsiimtU‘ or inirrortHl 



lnt(‘asiv(‘. , ., . 

I i 

2 

,I 

Kocusing. 

t 

4 

1-1 

Mxt(*usiv<* . 

2 

1 

or Kpiiii-iiithropl. 

T-u 

a 

Opal or pona‘Iaiu <‘aanu»l 


IW . 




I)onu‘. 


li 

M 

Totally aiK^Iosinji; glass , 
SamwMirlosing . . 


i 



Tt> w,t‘t insvNhuum iuuhvj»lv rutui Uy mountiuji; 

t To <'<‘t (tiiminutn nuMint iiti*'; hfirht, imilliplv uUmi l>y Hpucinij; diMlann* 
I Hf'itdif tMiuult thstuurt* btdMiM'u roiling mui i>liiru» ot illumination, 


<Hs(‘()ura^e ihv use of wide si)acings in interior lighting. On the 
otluT Iiand, in sonu* halations, as a restaurant, ball-room, or home, 
uniformity of ilhimiuatiou and absence of shadow arc not only 
unn(‘(‘essary but actually undesirable, and in such places ‘‘rules” 
are, of (‘ours(\ to be disregardetl. 

In many <*as(‘s, tlu^ construction of a building divides it into 
a munher of bays, an<!, for the sake of appearaiuv, the units 
should usually be placi‘d synnnetrieally in these bays if com¬ 
patible with uniformity of illuininatiom Panel d(‘sigus on the 
etaling, or other d<‘corative features, also call for a symmetrieal 
spa<‘ing, but it must always full within the limits of the table with 
regard io th<‘ h<‘ight of the units above the working ])lane if 
uniformity is desired. When there are no natural <livisions in the 
riH>m, ami tiu‘ outkds are not already placed, the room should be 
<livided intt^ a numb(n* of areas approximately sciuare, and the 
units plac(‘d at the (vnivr of ea<‘h, the maximum distan(‘e between 
units falling within the limits of Table XIV. With such a lo<‘a- 
tion the distaiH*(^ from the nearest row of units to the wall is 
one-half the spaeing distam^e; the distaueo of the units from the 
walls may sonudime^, how<nH*r, be made somewhat loss than ludf 
the spaidug ilistanet^ in ordc^r to avoid shadows and to maintain 
a high intensity close to the walls. 
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The mounting height, it should he noted, is the v<‘rtieul distaiiee 
between the working plane and the hunp not the distanee ht'tween 
the floor and the lamp—except for indin'ct and seini-iiidin'ct s.\ s- 
tems, in which cases the height is the distanet‘ hetw<‘eii the working 
plane and the coiling, for with such units the ceiling acts as tia* 
light source. The use of a larger uuiuIxt of units tlian is rtaniin'd 
for the limiting spacing as previously nuaitioned dot's not detract 
from the uniformity of illumination; the consith'rathms of higher 
costs for the equipment, as well ns the arrangement and shape 
of the room, will usually be determining factors. 

The distance at which totally indirect and st'ini-indirect units 
should be suspended from the coiling is determined largt'ly b.\ 
consideratimis of appearance. The distaiu'c should not 1m' so small 
that corners of the ceiling a()pear objectionably tlark or should it 
be so great that much light is dirwted to tlu! walls, (»r that a bright 
spot is formed beneath the unit. Between these limits \'ariations 
in hanging height affect the efficiency only slight l,\. 

Calculation of Illumination. After having dctt'rmincd upon the 
type of lighting unit to be used and the approximate location of out¬ 
lets, the next step is to calculate the size of lamp r('(iuir<'(l to produce 
the desired intensity of illumination. In some (‘uses a choict' of 
several arrangements of outlets is alforded, and lien* the problem 
is to determine w'hieh arrangement, in view of the lamps readil.\ 
available, can best be employed to fulfill the recpiirena'iits. 

The lumens which the lamps must furnish initially are cal¬ 
culated by multiplying the area of the room to bi' lighted, in 
square feet, by the intensity desired for tlie purti(;ular purpos(', 
multiplying this product by a depuaiation fsietor as previously 
explained, and dividing the final prodriet by tlu' eoelUeient of 
utilization determined from considi'rution of the typ<* (tf unit, tlu' 
nature of the walls and ceiling, and the proportions of (he room 
to be lighted. The number of lumens each lamp must give is then 
determined by dividing the total lumens by the numlx^r of lamps 
to be used. Expressing these relations in equation fonn we have 

Lumens per Outlet 

Coefficaait m ytilaalKmXNumlstr of OutU'ts 
From Table XV, a tjpe and size of lamp can teselt'ct-ed which 
will give the required number of lumens. In case the lowrtioit of 
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SVm 

\m H 


7.". ('-!• , 

000 

F 

(i2<S2 

1(H) (* 

' !2rv0 

000 

100 (’-2 , 

S7() 



150 

i 2050 



l.'iO ('-2 , 

1400 

U 

22SS 

1 anx' 

I 2020 

2(H)<' 

2520 

■JOO ('-2 1 

2000 

lUl 

4712 

:«)()(* 

IS50 

;*»oo i ' 

IHH) 

;too ('-2 1 

2050 

K 

5529 

•tooc 

' 0701 

UH» t’ 

5S50 

1 

1 


h 

2142 

1 nmx’ 

K725 

500 (’ 

7200 

5(M) < V2 1 

5000 

V 

()2S2 

TWK' 

lascto 

750 < ' 

12570 
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% 

1H829 

KXMlC 

^ toaao 

UKHI (’ 

17150 






otitlHs Is t*los(‘l;^ Uy structural IValurcs, it will ho neces¬ 

sary to nmk<‘ a ('hoiee hetwt^en a si/.<' uf lamp wlii(*h will provi<lc 
a lower intensity than that u^slnue(l as u basis for ealoulatiou and 
one \vhi<‘h will provide a hii^her intensity. In su(‘h (uses, the 
(*hoiee is n(»t siittpK h<‘t\\e<‘n a slightly higher expense than 
originally planned and a slightly lower one, hut h(dW(H‘n a system 
whit'h will pr<»V(‘ adetiuute and (»ne whi(‘h may not; when it is 
eonsider<»d how (*los(dy artificial lighting int<msitics approach the 
lower limit at whi(‘h good vision is possible, it will he s(xmi that the 
saft'st conrsi* is to (unph^y the larg(‘r units. \Vlu‘re tin' number of 
outlets whit‘h can h<* <‘iuplo\cd ndvantag(s>usly is not so (kdiniUdy 
fixed, a grt*at<T clu^icc in tin* selection of a Hi/.o of lamp exists, 
and no diffumity should Iw* (^xptTienc(*d in stdeding a si55(^ whi(‘h will 
provide* an intensity approximating that originally assunuMl as a 
desiruhle valut*. Here again, wiuai u (‘hoic‘e must Ix^ inadc^ a higher 
intensity than that originally assumed should nwive the prcdViviur 
over a lowtT om\ Table X\1 shows th<^ aniount of whit<^ light 
retle<*ted from difft^rent materials. The relleetiou factor of the 
Hurfmr w^orked upon greatly aire(*ts the foot-(*andb intensity 
recpiired. 

Tal)le XVn ims Ihhui prt*panal to show at a glance the 
important factors entering into iUuiniuation ebsign. It may be 
mentioned that the ordcT of ojK^rations can renidily be varied to 
suit the rt^qumnnents of iialividml problems* For eicample, if it 
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TABLE XVI 

Relative Reflecting Power 


iMiitonal 

INt fN'itt 

White blotting paper. 

S'J 

White cartridge paper... . 

SO 

Chrome yellow pap(‘r. 

02 

Orange paper... 

no 

Yellow wall paper. 

40 

Light pink paper. 

m 


:u) 

Light blue cardboard. 

25 

Emerald green paper. ..' 

IS 

Dark brown paper... 

i;i 

Vermilion pajier..... . ... 

12 

Blue-green paper .. 

12 

Black paper. 

5 

Black cloth.... .... 

1.2 

Black velvet. 

.4 




is desired to check the illumination inttuisity sccuri'd from a jiivcn 
system, the formula may be written in tiu' lorm 

Foot-candles — Coefficient of Utili zation XNuitthcr of ()ut lets XI (Uimiis piT < hit let 
Area in Squim* FeetXDeprecuition Fuetor 


PROBLEM 

It is desired to design a lighting installation for ilu' tToeling 
room of an industrial plant manufacturing large engine i)arts, <Tiint‘.s, 
etc. The work carried on in this room can Ix' ela.sst‘(l as aswnnhiy 
work, medium grade. The floor plan and end (devution are shown 
in Fig. 74. 

The following data form the basis for calculations: 

Length, 440 feet 
Width, 95 feet 

Distance from floor to crossbeam of roof fritss, 4’1 hx't 
Distance from floor to top of craius dO feet 
Color of walls and ceiling, medium 

For a lighting installation of this kind, the units must either Ih‘ 
mounted high in order to dear the traveling crane, or must 1 m' 
located on the side walls below tlic crane. Tlu' latU'r metliod of 
location would necessitate the use of angle refl<!{d.or8 which for a 
room of this size would not be desirable since it would be diflicult to 
locate the light sources out of the normal range of visum and tlif 
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TABLE XVII 

Chart of Important Factors in Illumination Design 


Ch<)ic(* of ' 

ViifUo 00 

' Cilarf' and reflected glare 

Shadow 

Illmninaiiou of vortical surfaces 
(^olor 

Wall brightness 
hiflici(‘ncy 

Available units 

Choieeof Intousitv ■ 
Page 91) 

■ Nature of work 

Advert ivsing value 
. Table IV^ i)age 32 

I)opr(‘(uation 

Fa(‘tor 

PufTo 103 

' I)(‘pn‘ciatioti of Lamp in service 

I)(‘preciatu>n of equipment and lamp duo to collection of 
^ (lust 

Coofnci(‘nt of 
ITtili^ation 

Pago IOC 

f Light absorbed by reflecting eejuipment 

1 Light fibsorb(‘d by ceiling and walls 

1 Size of room 
[TabbXl, page 100 

Location of i 

()utl<*tH -j 

PiW. 108 

f Reflation of spacing distance to hanging height 

Struct,ural f(*atures of rooms or biukling 
[TableXIV, page 109 

Calculation of 
IjunicnH p('r , 

Outlet 

Paso 110 

f Lunums reciuired pcT outlet = 

Koot-Candl(‘sXlIopr(‘ciatiou Factor X Area in Sq. Ft. 

[ docAruaent of UtilizationXNumbcT of Outkfls 


would be very uimoyitig. Locating the units high overhead 
will he found to be much more satisfactory,'and, since most of the 
working materials have depolished surfaces, glai'ing reflections will 



not prove serious, consequently the dome-shaped, pcreclain-cnameled 
stetd reflector and clear Mazda C lamp will supply a satisfactory 
quality of illumination. 
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Table XIV gives 1| as the maxiimuii spacing riitin lor doiiit'- 
shaped steel reflectors. In this installation tlu* hanging height of 
the units is somewhat limited because of tlu' ucet'ssity <»f pi‘o\'i(liiig 
clearance for the traveling crane. The units must h(‘ snspendt'd 
above the crane, preferably below the roof trnsst's. If f lie units are 
located about 1 foot below the crossbar of the roof truss, tlie liaugiug 
height above the working plane will be approxiinati'ly 10 feet. 'I'he 
maximum allowable spacing would then be about. (>(> feet. Since the 
width of the room is 95 feet, the spacing provided wlnni one row of 
units is used is in excess of that which is allowabh'. However, two 
rows of units should be sufficient. By using two rows and lix-ating 
one unit between each three roof-truss crossbars, a (id-foot spa<‘ing is 
provided one way and approximately *1S fei't tin* other way. Sinh 
an arrangement should prove satisfactory if the I I units will snppl\ 
sufficient light for the purpose at hand. 

Table XII gives ‘.i to 9 foot-candles as satisfactory int(‘nsiti(>s 
for assembly work of medium grade. For this in.stallation, an 
intensity of 4 foot-candles should be adixinale. .\.s th(‘rt> is v<*r\' 
little smoke or steam in this room, the atmospherii' conditions arc 
not considered extreme. However, there is c<‘rtain to b(‘ sonu' dust 
collection on the lighting units, therefore the dt'sirable inti'usity 
should be multiplied by a depreciation factor of 1.25 to iiisnrt' that 
the average maintained intensity will not fall btdow tlii' desired 
value. This gives an.initial working int(‘nsity of 5 foot-<‘andl(>s. 
The coefficient of utilization for doiiK'-shaix'd porct'lain-ciijinu'lcd 
steel (RLM dome) reflectors for this particular nxnn as calcnlal«*<! 
from the values given in Table Xlll is found to be ().5d. 'I'lit' total 
generated lumens necessary to producer tlu‘ initial intensity on th(‘ 

1- 1 4X1.25 X 95 X440 

workmg plane are--=418,000 linncns. 

Since 418,000 lumens mast be supplied an<I the tnaxiinum num¬ 
ber which can be supplied by the lOOO-watt lump is 1!),:!()() (set- 
Table XV), it is evident that 14 units will not be sufficient to supply 
the required amount of light. By using two rows of units and 
locating one between each two roof-truss croasbavs, a 40-foot spacing 
is provided and the number of units requh-ed is 22. If 22 units,|irt^ 
to be used, ^ch lamp must supply 418,0(X)-f-22 or 19,000 I nijypx , 
which is just slightly less than the number, supplied by the jlppO- 
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75. Interior of As'embhng Room Liglited with Domc-Shap®d Porrclain-Enameled Steel Reflectors and Clear ]Mazda G Lamps 
















TABLE XVIII 

Analysis of Operating Costs—100- to 13S-Volt Mazda Lamp Units 
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♦Tlie pro of lanips and reflectors upcmiAhf^licalcuIatksnstf this table are based are subject to dbaoge nctice; tbo* are used here solely for con- 

m eosliieefiDS cakiila^^ ^ ^ ^ 

fft ranggf fmm 10?^ to 4C^, depeadjsg Upon the r.uant-ty ci lant' 5 ordered. 
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watt clear Mazda C lamp. Fig. 75 shows tlie lighting installation 
as described in this problem, with the exe<‘i)tion that in this east* 
the units were staggered to decr(‘as(‘ crane shadows and to improve 
the illumination at the ends of the buihling. 

Estimating the Cost. In determining the total operating cost 
of any system of lighting, three items should be eonsidt'red: 

1. Fixed charges, which include interest on ihi' mvestnu^ni, ii>surau<*i‘ aiul 
taxes, depreciation of permanent parts, regular at(<‘ndanc(‘, and other expenses 
which are independent of the number of hours of use. Ofti^n this ittan fta’ms s 
large part of the total operating expenses yet. it is only to<i fr<‘<iu<‘ntly omitf<‘«l 
from cost tables. 

2. Maintenance charges, which incliuh* nau^wul of parts, labor, and all 
costs, except the cost of energy, which d<‘pen<is upon th<‘ hours of burning. 

3. The cost of energy, which depends upon th(‘ hours of )>urning and the 
rate charged. 

If data are compiled under these lieuds in eonvenient units 
for example, under the first head, an animal ehar^^cs tindiT th<‘ 
second a charge per 1000 hours’ operation; uiuler tlu» third a 
charge per 1000 hours’ operation at unit cost, of (mergy tln^ 
several items may easily be calculated for any given std of condi¬ 
tions and the total annual operating (*ost of any lighting systtun 
obtained as their sum. 

Under fixed charges, the items of depreedation and altcn<lanc<^ 
may be mentioned particularly. Dejireciation shouKI be <diargi‘<l 
on permanent parts only, and not upon parts the nnu^vval of 
which is provided for in the maintenanc^e cost. The rate for 
depreciation should in many cases be higher than th(‘ cairnuit 
practice, for obsolescence, rather than the wearing out of parts, 
determines the life of a lighting system. There are many instal¬ 
lations in use today which are in good order and giving a fair 
measure of satisfaction, but which could be rei)la(*t^d at a largi^ 
saving. In fact, there arc no installations in this country which 
have been in use for seven or eight years that art^ not ulr(‘a<ly 
obsolete. 

Again, too much emphasis cannot be given to the desirability 
of regular attendance for those illuminants which do not rt^quire 
trimming from time to time. It is essential for satisfactory 
operation that such lamps and reflectors be cleaned at regular 
intervals, hence a fixed charge should always be included for this 
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service. Lamps, which require frequent trimming are cleaned 
at the same time, and the cost is iiicliid(‘d under the maintenance 
charge. 

The energy cost can usually he readily (‘omputed, but will, 
in the case of some electric illuminants, depend U])on the voltage 
of the cinaiil, since this deteniiines either the wattage or the 
power-factor. Tlie effect of ])ower-factor is seldom considered 
although it governs the investment in generators, transformers, 
and wiring, and in a. small degree the energy re(pured. To the 
(*(*ntral station or isolatecl ])lant, (ho volt-amperes required by a 
giv(Mi lamp are ])(Thaps as close a measure of the cost of service 
as th<‘ actual wattage consumed. When the consumer is pur- 
eliasing energy on a, kilowatt-hour basis this factor, of course, is 
(‘liminated vso far as he is coneerne<l. 

A table which would show the total operating expense of 
lamps of all sizes, w’ith every discount from the list pri(‘es, for all 
possiI)l<‘ p(‘rio<ls of burning ])er y(‘ar and under all costs of power, 
would be so large as to be entirely iinpraetieah From Table 
X\dn, lio\v(‘V(‘r, th(‘ opcTating e\pens(^ of incandescent lamps 
uiul(‘r an\ s<‘t of conditions ma\ be found wnth little calculation 

In the east' of an ineandesotMii system in aildition to the 
wiring, the iint'stnient includes the cost of lamps, rcHeetors, 
holders, and sot'kt'ts. The investment in ])erma,nent parts is the 
total investment minus the price of lamps. No depreeiatiou is 
(‘harg(‘(l against the lamps inasnm<*h as they are regularly renowctl. 
The labor ittun undtu* fixed charges provides for the cleaning of all 
units once ea(‘h month. For the smaller units with steel rcHeetors, 
th(‘ cost of <‘l<‘aning in Table X^dl is taktui as cents per unit 
for ea<‘h ch*aning. Data obtained from installations where a(X*urate 
(*ost rt‘cords ar<‘ k(‘pl show that this figure is (‘onservativc for 
labor at ‘IT) c(‘nts an hour. ''Die cost of cleaning other reflectors is 
tak(‘n in proportion to the amount of labor required. 

''riu‘ maintenanee charge is given for a lOOO-hour period of 
Imniing. To find liu‘ annual charge in any ease, it is necessary 
to multiply by the total hours of burning and to divide by 1000 
hours. 

The energy cost is given for a lOOO-hour period, with energy 
at one (*ent per kilowatt-hour. The energy cost per year found 
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by multiplying by the time of burning in thousands of hours and 
the rate in cents per kilowatt-hour. 

An example will illustrate the use of Table XVIII. It is 
required to find the total operating expense per year for ligliting 
the erecting room described on page 8. This room was lightt'd 
with 22 1000-watt Mazda C lamps. The lamps are buriu'd a 
total of 4000 hours per year and are purchased at the disconnl, 
obtained on a $1200 contract. The cost of energy is 2 cents per 
kilowatt-hour. 

From the Table XVIII we obtaiii the following; 


Fixed charges .$ OU 

Maintenance 4.000X$5.475. ai.OO 

Energy 4.000X2XS10. HO.00 

Total cost per unit.$ lOS.OS 

Total cost for system.$2280. 10 


In Table XVIII are included annual oix'rating costs whicli 
have been calculated for a number of cases frequently met in 
practice. 
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ELECTRIC LIGHTING 

PART III 


INTERIOR LIGHTING 

OFFICES AND DRAFTING ROOMS 

Nature of Problem, 'rodny thort' is no reason lor other than 
the best illumination in new oilier huildings and in tlio older 
ofliees, although in the latter ease the result is attained at 
greater expense, for, in the majority of eases, some change in 
the location of outlets will he necessary. In general, however, the 
required alti'rations in wiring will ho found profitable even where 
considerahh* (‘X])ense is involved, for there, are m hcaiions where 
the cornequeiieet! of poor lighting are mno eemm or wore keenhj 
felt than in offiere oniJ draffing roonie. 

PVom the standpoint of utility, the problem of office lighting 
can he V(‘ry simply stated. Fundamentally it is to j)rovide the 
Ix'st illumination for sustaiiu'd vision of flat surfaces in horizontal 
or slightly ohlicpn' i)lan('s in which pai)ers, books, and photo- 
gaphs are usually examined. Tin* i)erccption of objects in their 
tliree dimensions, so important in the industries and in the arts, 
is Iit're r(>lativ('Iy unimportant. On the other hand, experience has 
shown that in offices and drafting rooms perhaps more than in 
any other locations, an ample intensity of soft well-dilfused light 
must be ])rovided in order that discomfort may be avoided and 
that the eyes ma.y not become excessively fatigued by close 
ap]>lication for long i)erio<ls of time. There should Ixi no extreme 
contrast, in the. bright,ness of objerts within the field of view; 
shadows should be subdued, if not entirely avoided; the lighting 
syst(‘m should be d(>signed to permit flexibility in the arrangement 
of office furniture; it should be easy of maintenance and satis¬ 
factory in appearance. 

In designing a system of office lighting, it should be remem¬ 
bered that standards of illumination intensity are rapidly and con¬ 
tinuously rising as tenants and building managers come more and 
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more to appreciate the value of good illumination. Furtlierniort', 
allowance should be made for the fact that cv('n in a small group 
of persons, one or more with defective eyesight will usually he 
found, and the lower limits of permissible intensity should not 
be approached so closely that unnecessary hardsliip is imposc'd on 
anyone. Again, it should be remembered that <‘ven where individ¬ 
ual lamps are supplied for the illumination of the <l(\sks, a getuTal 
illumination over the entire room of at least 1 foot-eandle should 
also be provided. 

In some buildings where careful attention has been giv(>n tlu‘ 
design of the lighting in offices and hallways, an annoying drop 
in intensity is frequently apparent when one steps into an ele¬ 
vator. The adaptation of the eye is not instantaneous, and a p(“r- 
son going from one intensity to another naturally inov<'s slowly aiwl 
with caution. Where, as in large modern offices, the time of a very 
large number of persons is dependent to a considerable e.\tent on 
the elevator service, an ample ititeusity of lighting of the ears should 
be a first consideration. 

Effect of G)lor on Quantity. The experience is not unc*oinmon 
to those who occupy offices for which daylight furnishes illumina¬ 
tion for the greater part of the time, that, as the natural light 
begins to fail and tlie lamps are swit(;hed on, the artificial illumi¬ 
nation is seemingly inadequate—although at night the light is 
entirely satisfactory. This is due in part to the fact that thi> 
eye is, at this time of day, sutfering from a certain <l<>grt‘e of 
natural fatigue and in part to the disinclination of the eye to 
adapt itself to light of a lower intensity. Again, toward evtming 
the horizon as seen through the windows is frecpu'ntly even 
brighter than at midday and this, by contrast, makes the intt'rior 
illumination seem even more inadequate. The dilh'renee in tilt' 
color of artificial light and daylight also appears to be partially 
responsible for the same impression, and a combination of the two 
is displeasing to many. In such cases “daylight” lamps, which give 
fllumination like sunlight in color, are desirable. These lamps are 
particularly serviceable where, as is often the case, artificial light 
is used in all working hours to supplement daylight in a room 
having instrfficient wmdow exposure. In fact, if such lamps are 
used in indirect fixtures, they will often pass unnoticed and thus 
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render productive an office for which it would otherwise be diffi- 
(*ult to secure a satisfied tenant. Kvspecially in oflEicc lighting, 
where the position of a light source with respect to the eye must 
remain practicidly \vithout change for considerable periods of time, 
extreme contrasts, su(*h as exist between tlie brilliant filament of 
a lamp in an open reflector aiul the general level of brightness of a 
room, may pro<lu(*e marked discomfort. Furthermore nine out 
of ten semHndire(‘t glass bowls now on the market are of too light 
density and arc therefore unsatisfactory. Heavy density semi- 
indirect and totally indirect units not only overcome this objec¬ 
tion, but at the same time minimizie the specular reflection, or 
sheen, from books, paper, photographs, desk tops, etc., Fig. 7(). 
In many cases desks are thoughtlessly given a high polish—^not 
infrequently they are topped with plate glass—and in such cases 
the reflexion of a source may approach in brilliancy that of the 
sour<‘e itself. It is diffi(*ult to avoid reflections entirely, but the 
harmful eflecds can be minimized by employing only those units 
wliich are of low brilliancy, and by arranging them carefully with 
respect to the position of the desks, or vice versa. It is often 
l)ossibl(N in the cas(' of small offices where single desks are used, 
to arrange the desks along the wall so that those occupying the 
<)fli(*e ha\'e the light source's at their backs. In this way reflections 
from (k'sk lops are ])revcnted and the walls, unless higlily finished 
or hung with i)ictures franu'd behind glass, will not give rise to 
objectionable ri'llc'ctions. Side walls of considerable area should 
not, it may be em])hasized at this ])oint, be finished so near to 
whit<' that th<\v will r(‘(le(‘t a large volume of light into the eye nor 
should they b(' so dark as to cause undue (‘ontrast and needless 
ubvSorption of light. 

/S7m^/o/c. Although shadows are v<Ty lielpful in determining 
the shap(' an<l ri'lative ]>roi)ortions of obje(*ts, they are not strictly 
necessary for the tisual office where the work is largely with 
horizontal plant's. In fact, an ex<*ess of shadow is likely to ])rove 
a det'ided imisaiuv; only enough to show the natural appearance 
of objet'ts anti persons is net'essary. Douse shadows, such as those 
cast by a single unit of high intensity and relatively small size, 
or shadows with a series of sharp edges, su(*h as cast by several 
small units, are particularly annoying. To be satisfactory from a 
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sliadow staudpoiu't, liglii sourcos should he of large urea and low 
hrillianey, in order that such shadows a.s do form wdll he luminous 
and with gradually fading e<lges. 

It is of partieular importanec in the case of drafting rooms 
that the light ho highly diffused in order that shadows and 
ivfleeted glare may he avoided. It will often be found more 
satisfactory from a lighting stendiKunt, and just as satisfactory 
from other stiuidi)oints, to work upon the dull side of tracing 
cloth rather than upon the shiny side. 

From the data presented in the preceding paragraphs, and a 
careful review of Table XI, the following eonelusions may he 
derived: 

1. ()p(ni-rcfk‘(*t()r units arc not suitable for goucral oflicos from 
t.lu' staiulpoints of brighi.noss, spocular rofloction, or shadow. A siupilo dirort- 

unit., if of largo aroa and low brilliancy, would bo satisfafitory for 
on<5 ptTson alone in an office when so located ns t.o bring tho light over tho 
l('ft shoulder. It should be df'signed to illiuniuat.e the surroundings to a 
fair intensity. 

2. S(‘ini-en(jIosing unit,s arc pn^fcrable to open-refl<'ctor unif.a for office 
and drafting-room lighting. It is important t.hat they bo of largo size and 
that tlH‘ densit.y of the glass bowl bo su(‘h tliat they ar(‘ saldsfaet-ory from 
a brightness standpoint. 

(-an' must bt» us<‘d to jilaei' t.hem so t.hat sjiecular n'flcct.ion toward 
th(^ (‘y(‘S will be avoidi'd as far as practicable. Hemi-(Mielosing units arc 
usually the best solution of the problem wlaae it is actually inipossiblo to 
oiitaiu a light (‘(‘iling 

2. S(‘im-mdir(‘(‘l. units of Iight-d(*nsity glass produc.f* somewhat tho 
sam(» g’(‘n(*ral lighting (*tT(‘ct,as <hr(‘<‘t-lighting units. Where the ceiling does 
not pr(‘sent a r(‘asona])ly good rc(hM*lmg surface and where it cannot be 
made into a good reflector, semi-enelosmg umt.s are, how('v<T, moro (dficient 
tlinn light~d(‘nHity stuni-mdiriMdi units and arc equally good in most other 
nvspeets. Where a ci'ilmg of n^asonably good n'ficc't.ing pow<'r is obtainable, 
d<‘nH<‘ Henii-indir<‘(*t units an* to be pr<*f(*rre(h In ot.hor words, the logit.imate 
fii‘ld for light-tl<*nsi(.y s<*nu-in<lire<*.t units as appH(*d in office, lighting is 
<*xtrein<‘ly liinit(*<l. 

•I, S(*mi-indir<*ct units of d<*ns(* glass and iot.a.lly indirect, units an*, in 
general, pn*f<‘rabl(* to all otlu'rs for otli<‘e lighting wh(*rc. a ('(‘ihng of good 
ren(‘(*ting power is obtainable. Brightness contrasts e,au be. mad(*. (‘utircly 
satisfaetory, Mp(‘(nilar r(*fl(‘ct.iou is reduced to a minimum, n,nd objei^tionable 
shadows are avoidtuL A lighting systinn of suclx units pmanits ma.xinmm 
flexibility in tho arraug(»ment of furniture in a g(‘neral offic.(* au<l is usually 
tho most practical sysUun for a private office as well. 

Obviously it is important tliat whether indirect, dense semi- 
indirect, or semi-enclosing units are selected, there should be no 
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unnecessary waste of light due to improper design. Whether the 
reflector is of mirrored-glass, opal, poreehiiii, or other material, it 
should be designed to permit easy cleaning, and slionld be hard 
and smooth in order that it may serve as a good reflector and be 
slow to accumulate dust; the contour should be such tliat light 
will not be pocketed and lost. 

Location and Number of Lighting Units. In the ease i>ar- 
ticularly of oflSces built for renting purposes, careful eonsidi'ration 
should be given to locating the units in such a way that if ])arti- 
tions are later removed or new ones built in to suit tlu' re<iuir(‘- 




ng. 77. Location of Outlets Should Provide for l^ossiblc Changt^H in Ofltcc Arrangt^nKuit 


ments of a tenant, the outlets already installed will still be usable. 
This factor alone is frequently of sufficiciit imi)ortanee to jtistify 
the use of a greater number of outlets than necessary to suit the 
existing lighting requirements. Special structural featurt's such as 
the location of ceiling beams and the placement of doors and 
windows should receive attention. The sketches of Fig, 77 illus¬ 
trate how the use of 6 units in a room where 4 would satisfy 
conditions of uniformity, permits the change from a general offic'C 
to a private one where, owing to the location of the windows, a 
change to two offices of equal size would ^)e practically out of the 
question. The cost of iastalling, say, 6 units, need not necessarily 
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be iiiueh greater than that for 4, for the cost of glassware increases 
not in ])roporti()u to its diameter, but at a much faster rate, and 
the diU'erence in its first cost may be sufficient to offset the 
greater cost of wiring. It is an advantage, too, if the number of 
different sizes of units and lami)s employed in an office building 
can 1)0 kept small in order to facilitate replacement from stock. 
vSometimes it may be desirable to wire for locations where it is 
thought units may at some future time be desirable, but to seal 
the wires beneath the plaster until required. 



!Fig. 78. Office Lighted with TndiroH UiuIh. Nolo Spooulnr Hofloction in 
rhitt‘-tilii.s.s l)«‘Hk 'CopH 


Wliore totally indiri'ct or (louse .semi-indirect units are used, 
and the grc'ater part of tlui illumination comes from a larj!;o area 
on the (“(‘iling, the question of din'ct glare is automatically cared 
for. On the other hand, l)(’cau.se of the large ceiling area which 
is brightly lighted with such units, it is diffienlt to avoid a cer¬ 
tain degree of specular reflectiou iu polished surfaces. Fig. 78. 
iSuch rclh'ction is not, of course, nearly so annoying as the image 
of a bright unit itself. Reflected glare from direct-lighting equip¬ 
ment can sometimes be avoided by arranging the desks along a 
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wall so that specularly reflected rays will travel away from the 
eye, rather than toward it, as shown in Fig. 79. 

From a study of the light distribution of units with special 
reference to oflSce lighting, it has been possible to establish fairly 
definite rules for determining the number of rows of units reciuired, 
the spacing distance between units, and the distance from the 
walls to the nearest rows of units, to ensure a satisfactory illumi¬ 
nation as regards both quantity and direction in all parts of tlw* 

room. The data given in Table 
XIX have been applied very 
satisfactorily in practice. 

Solution of Illmtmtm Prob¬ 
lem. A lighting system is desired 
for a general ofil<*e which meas¬ 
ures 16 feet wide, 24 feet long, 
and has a coiling height of 12 
feet. The ceiling is light in color 
and the walls are of moth'rate 
reflecting power —a combination 
which is usually met in offices, 
and which permits the use of 
heavy-dcusity semi-indireet or 
totally indirect units; for this 
office'dense, semi-indirect units are selected. A beam running 
.crosswise of the ceiling divides it into two bays which mciisure 
approximately 16 feet by 12 feet. 

By reference to Table XIX, it is seen that two rows of units 
are required for an offiee 16 feet wide where the distance! between 
the light source (the ceiling in the case of indirect units) and the 
working plane is feet; if these rows consist of 2 units each, 
this office, 24 feet long, can be uniformly lighted. The units 
should not be located more than 5| feet from the walls; in this case 
they will be mounted 4 feet from the side walls and 8 feet apart, 
and about 5| feet from the end walls and 12^ feet apart length¬ 
wise of the office. The distance from the end walls might be 
varied slightly so as to locate the units along the center line of the 
bay. The units would be suspended at a distance of 2 to 3 feet 
below the ceiling ^d, if thought desirable, the lamps could be 
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be luueh greater tlian tliat for 4, for the cost of glassware increases 
not in proportion to its diameter, but at a much faster rate, and 
the diirerence in its first cost may be sufficient to offset the 
greater cost of wiring. It is an advantage, too, if the number of 
(lilVerent sizes of units and lami)s employed in an office building 
can bo kept small in order to facilitate replacement from stock. 
vSometimes it may be desirable to wire for locations where it is 
thought units may at some future time be desirable, but to seal 
the wires beneath the plaster until required. 



!Fig. 78. Oflxco Lighted with Tndirect XTnilH. Nolo Specuhir Reflection in 
l’Uiti‘-tjhi.sH TopH 

Where totally indirect or dense semi-indirect units are used, 
and the great(‘r part of tlui illumination comes from a large area 
on the. ceiling, the question of direct glare is automatically cared 
for. On the otlu'r hand, becaus <5 of the large ceiling area which 
is brightly lighted with such units, it is difficult to avoid a cer¬ 
tain degrc’e of specular reflection in polished surfaces. Fig. 78. 
Such reflection is not, of course, nearly so annoying as the image 
of a bright unit itself. Reflected glare from direct-lighting equip¬ 
ment can sometimes be avoided by arranging the desks along a 
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The four lamps required must {viMierato, initially, 10,25(1 
lumens. Each lamp must supply, tlicMi, 2r)(>{) lunuMis, By n^tVr- 
ence to Table XV, it is seen that the 2()()-wa1t Maz<la C lamp, 
which has an output of 2920 lumens, most nearly supplit^s tlu‘ 
required number, and this lamp is ae(*ordin,i»;ly s(‘hK‘tt‘(L If a light 
of daylight quality were desired, the 2i()()-watt Mazda (-2 lamps 
would be specified. 

PROBLEM 

A large general office is 40 feet wide and 120 IWi long anti has 
a ceiling 10§ feet high. The reflection ra.(‘iors art', (‘taling 00 pt‘r 
cent and walls 40 per cent. There is a row of posts down tlu‘ t*t‘n(t‘r 
of the room 15 feet apart. Beams having a drop of 10 incht's (‘xttaid 
across the ceiling of the room 15 feet ai)art aaid rest on tlu‘ posts. 

Make a complete lighting layout for this odiet'; stat<‘ tlK‘ typt* 
of reflector to be used and show exactly where each unit should bt* 
located and its height above the floor. Folltnvlng '’FaBIt' X\4I giv(‘ 
a good reason for your choice at each step of the probhan. 

SCHOOLS 

General Requirements. The following discussion is abstra<‘tt‘d 
from the Illuminating Engineering Ho(‘iety Code of lighting for 
School Buildings, which is the standard work on this snbj(‘ct. 
Inasmuch as the general principles governing oflic<‘s and drafting 
rooms apply equally wtII to schoolrooms th(» consid(*ration of 
these general principles has been omitted. 

There are 20,000,000 school children in tlu^ 1 hated Stat<‘s who 
are devoting several hours each day to study or to tlu^ ptn’form- 
ance of other work equally trying to the eyt^s. A(‘eor<ling to tlu^ 
available statistics nearly JO ])er cent of the number of s(*hool 
children examined are found to have dc4*c(‘tive vision. 

The severe requirements imposed upon clnldrim’s eyes by 
modern educational methods create uec'd for tlu‘ best of working 
conditions. Among these conditions lighting is of first i^lpo^tanc(^ 
Improper lighting causes eye-strain, resulting in fiuuitioual dis¬ 
orders, near-sightedness, and other defoets of the eyes. 

Artificial Illumination. The desirable illumination to l>e pro¬ 
vided and the minimum to be maintained are given in Tabic XX. 
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TABLE XX 

Desirable and Minimum Illumination for Schools 

Cl K S. OckIo) 



Autu-’ici Liuhtino 
Foot-CUndlkh (Lumknh pkk Squvwk 
Foot) at thk Wokk 


Munnium 

Ordinary Practico 

Storage spa(‘(\s .... 

0.25 

0.5- 1.0 

Stairways, corridors. 

0.5 

1.0- 2 5 

(Jyninasiiuns. . . . 

1.0 

2.0- 6.0 

llougli shop work 

1.25 

2.0- 4.0 

Auditoriums, assembly rooms 

C^lassrooms, study rooms, Iibrari<‘s, labora- 

1.5 

2 5- 4.0 

toriiss, bhudvboards. 

3.0 

3 5- 0,0 

Fiiu* simp work . 

3 5 

4 0- 8.0 

Hi'wing and draft.ing rooms . 

5 0 

0 0-12.0 


Walls should luivo a moderate reflection factor; the preferred 
colors are light gray, light bulf, dark cream, and light olive green. 
Ceilings and friezes should have a high reflection factor; the pre- 
fern‘d colors are white and light cream. Walls, desk tops, and 
other woodwork should have a dull finish. 

(Ihmf Siirfac(\s* and ICyr-Sfmin, Glossy surfaces of paper, 
woodwork, <lesk to])s, walls, and blackboards are likely to cause 
eye-strain because of s])ecular or mirror-liko reflections of images 
of light sources, espe(‘iafly when artificial light is used. Mat or dull- 
finish surfaces are recominen<led. It is to be noted that a high 
relk'ction factt)r does not necessarily imply a polished or glazed 
surfa(*(\ 

To minimize eye-strain it is recommended that unglazed paper 
and large plain type be us(h 1 in school books. 

Blackboards. Bla<‘kboards should be of minimum size, prac- 
ti(*abl(% and shouhl not be placed between windows. Their posi¬ 
tion should be (‘arefully determined so as to eliminate the glare 
dm^ to spi^culur ndh^ction of images of either artificial or natural 
light sourivs dirtM*tly into th(^ eyes of occupants of the room. 
'The surface of bla(‘kboards shouhl be as dull as possible and this 
<iullness should be maintaiiuHl. 

Glare, duo to specular reflection from blackboards, may be 
reduced or eliminated by lighting them by means of properly 
placed and well-shaded local artificial light sources. 
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In Fig. 80 are shown some simple graphical considerations of 
blackboard lighting. In a is shown a plan view of a room with 
windows on one side. Rays of light arc indicate<l by A, li, and 0 



C BLftCKBOfIRD 


Bg. 80. 0 —Pupils in Shaded Area Are Subjected to Daylight Glare 
from Blackboards; h —^Angles at Which Glare Is Expemnoed from 
Daylight and from Artificial lighting to Minimise Glare; o—’Proper 
Method of Lijghting Blaokboards 
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in a liorizontal projection. These are supposed to come from a 
bright sky. By the application of the simple optical law of reflec¬ 
tion—^the angle of incidence is equal to the angle of reflection—it 
is seen that pupils seated in the shaded area will experience glare 
from the blackboards on the front wall. In b is shown the 
vertical projection of the foregoing condition. It will be apparent 
from this graphical illustration tliat by tilting the blackboard 
away from the wall at the top edge, the pupils in the back part of 
the room will be freed from the present glaring condition. Whether 
or not this tilting will remedy bad conditions may be readily 
determined in a given case. In b the effect of specular reflec¬ 
tion of the image of an artificial light source is shown by I). In 
c is shown a proper method of lighting blackboards by means of 



81. Artifaciul Lightnifi Equipmont Onginully Installod in School Room 


artificial lighting units. This will often remedy bad daylight con¬ 
ditions whether due to an insufficient illumination intensity of day¬ 
light or due to reflected images of a patch of sky. 

In order to avoid exces.sive brightness contrast which is try¬ 
ing to the eyes, blackboards should not be placed on white or 
higlily reflecting walls. 

Rehabilitating the Lighting of Old Buildings. This will be 
illastrated by an actual case where the artificial lighting of a clas.s- 
room wiis made satisfactory at a small expense. In Fig. 81 is 
shown an elevation of a section of the classroom showing the old 
fixtures. In Fig. 82 the circles containing crosses indicate the 
positions of the two old fixtures in this room. The chief objections 
to this old system were the following: 
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The lighting units were hung too low, ho that igiu* n^Hulfed from I ho 

bright sources in the visual field. 

The light sources wore not shielded from tli(‘ pupils’ ey<*s. 



Fig. 82. Plan of Schoolroom Showing Old and Now lighting Outh'is 


Two fixtures are insiifiieiont to provide' satisfaefory illiiminiifion <»ver the 
entire work plane m a room of the dimeusious shown. This imsal.isfaetory 



Fig. 83. Soetion Showing (Location of Now Tighting 


condition was remedied by means ,of six fixture's placed us indicated l>y th(' 
jC'irclos (^X) ^ 82. 
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Tliose fixiures, sliowii in elevation in Pi^. 83, consisted of 
inverted dilliising glass shades containing one lamp each. The 
dimensions of the room are shown in the illustration. 

STORES 

Classitlcation. For consideration of their lighting require¬ 
ments, stonvs may be divided into four classes: 

1. I)<'i)!irl.nu‘nt .stonvs, and iho larfto specialty stores of our principal cities 

2. lVI(‘dnini-siz(‘d stonss, including tho large stores of tlie smaller cities 

3. Small S(‘l(‘(*t stori'S and shops 

1. Small stores of the usual type 

In stores of th(‘ first-named elans, the lighting requirements 
are very similar, although the location of stores, their size, and the 
individual ])r(‘foren(*es of their owners will, of course, cause con¬ 
siderable variation in the design of lighting installations. Such 
stores are usually imposing establishments and the lighting equip¬ 
ment should assist in furthering the impression created by the 
store' as a whole, Oii the main floor, especially, a high intensity 
of light and a i)lcasing appearance of equipment are necessary. 

For stores of medium size, in which class it will be noted are 
included tho large stores of the smaller cities, the system provided 
should possess distiiu'tive and decorative features, but these 
should be obtained wdth due regard to the efficient utilization of 
the light. 

Ill the sc'lect small vstorc or shop, great freedom is usually 
])ermissibl(‘ in the selection of a lighting system; good appearance 
and a ])l('asing eilV'ct are the important considerations. 

For the usual small store, elaborate lighting is not required; 
rather, the system should supply plenty of light efficiently. 

Department and Large Specialty Stores. For the main floor 
of a di'partnu'ut or largo specialty store, a system of enclosing 
units or of some form of seini-indireot or totally indirect units is 
pr(‘lerable to a system employing ojien reflectors, Fig. 84. The 
eflicieiuy of tho luminous-bowl unit on the right is but little 
impaired by the massive metal diKtorations, for tho bowl supplies 
only a very small portion of tho illumination. On the other hand, 
the same de(‘orations applied to the scmi-indircot or enclosing 
jLuiits illustrated would not only produce unpleasant contrasts but 
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would absorb a considerable portion of the light. With the 
exception of the prismatic type, totally enelo-sing units «lo not 



provide a high degree of light control, and the maximum candle- 
power is usually in a direction near the horizontal. In order to 
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avoid luuliie glare, the units should be of large area and highly 
diffusive. A portion of the light from these units is transmitted 
directly to the objects beneath, and another portion reaches them 
by reflection from the ceiling, but the efficiency of an opal enclos- 
ing-tniit system will not be materially higher than that of a good 
totally indirect system, except where the ceiling is finished in an 
unusually <lark color; for with the opal units a large percentage of 
the light flux is etnitted at angles near the horizontal and never 
reaches the counters. Light emitted near the horizontal does, 
however, seiwe a very useful puriwse, in that it illuminates verti¬ 
cal or inc'liiK'd surfaces, such as shelves, racks, etc., which, if lighted 
only from directly above, would be inadequately illuminated. Enclos¬ 
ing units are obtainable in a wide variety of shapes and sizes ranging 
from very inexpensive to very co.stly and exclusive designs, which 
features have led to tlieir common use in all classes of stores. 

Indirect Units. For comfortable vision, indirect and semi- 
indirect ^inits are more desirable for the main floors of department 
stores than are enelosing units. With strictly indirect systems, 
where the wiling acts as the light source aird there is a pronounced 
downward direction to the light, the uniformity and diffusion of 
the illumination are excellent, glare from the light source is 
absent, and reflections from plate-glass and polished fixtures are 
avouled; howe\'er, shadows, which, if of the proper density, are a 
great aid in Judging the shape and proportions of an object, may 
be too greatly ix'duced. The direction of the light, moreover, 
tends to make v<“rtical surfaces ajqwar poorly liglited. Since the 
illumination of the room is entirely dependent upon reflected 
light from the ceiling, the efficiency of the system will be highest 
if the ceiling is finished in white. However, with the present low 
cost of light, a tinted ceiling is Justified where essential to the 
decorative scheme of the room or where lighting of a certain color 
tone is desirc’d. 

The luminous-bowl type of indirect unit ])roduc’es the same 
general character of illumination as that produced by strictly 
indirect units, but the auxiliary bowl, being luminous, gives a 
direct component which assists slightly in illuminating vertical 
surfaces, and, in the opinion of many, adds to the decorative 
value of the installation. 
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Semi-Indirect Units. Semi-indircc-t units <if dciisi' or loiu'd 
glass give an effect very similar to that given by Intiiiiiuns-bowl 
indirect units, but they transmit a higher j)ereentiige of tiu' light, 
and are, under usual conditions, slightly more e(lieit>nt. With 
bowls of light density, the rcvsults a])i)roaeh iuoih' nearly thos<' 
obtained from opal-glass enclosing units; contrary to what might 
be expected, however, the semi-indireet systian is often mor(' 
efficient, owing to the fact that less light is absorbed by th(“ bowl, 
less light is emitted in angles near the horizontal, and more light 
is directed to and diffused from the ceiling at. elfecti\'<> angles. 

It is possible to obtain cither indirect or s<>mi-indiri'<‘t bowls 
in exclusive designs harmonizing with the decorations and con¬ 
forming to the tastes of the user; regardless of th(> design of tlu* 
exterior, however, it is of the utmost imi)ortance that the interior 
be a hard, smooth reflecting surface in order that good eflieitmcy 
may be maintained. In an installation which runs into any con¬ 
siderable expenditure, it is well worth while to .secure the opinion 
of a competent, architect or decorator before* di'termining upon a 
definite exterior design. 

Upper-Floor Requirements. Lighting units of the gciu'ral typ<‘ 
mentioned are suitable for the upper floors of larg<' stores; often a 
smaller size of the same design may be chosen. In stsix* <*ases, a 
well-designed direct-lighting system may m('(*t the reciuirements 
satisfactorily. With open reflectors, bowl-frosti'd lamps should 
always be installed and the units should Ixf suspemled at. such a 
height that tliey will be, as nearly tis possible, outside* tin* ordi¬ 
nary range of vision. As previously stat(*d, Mazda lami»s of 
larger than 200 watts should not be used in oi>(*n r(*ltei*lors. 
Semi-enclosing units are available, howev(*r, which operate* on 
much the same principle as an open r(*ll('ctor but which are i)ro- 
vided with a diffusing glass bowl below the r<*llector which 
screens the lamp from view. With such units, any size of lamp 
may be used. Their efficiency compares favorably with that of 
the prismatic type of enclosing unit. 

On all floors, the fixtures should be hxuitcd symmetrically 
with respect to the divisions or bays usually formed iti the cinling 
by the constructional features of the building, unless it is desired 
to arrange the lighting to enhance some architectural effect in 
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li^^ht and shade, or color, in mrordunce with a skillful designer’s 
woll-considcTcd ])Ian, 

Stores of Medium Size, Tlie lighting requirements of stores 
of inediuin size ar(' tlie same as those cited for large stores, except 
that a lo(‘atioii amid hsss impressive surroundings may decrease 
the iu‘ed for purtdy d(H‘orativo features. In this class of store, a 
semi-indire(*t system employing some form of inexpensive medium- 
(leiisity howl will often meet the requirements of a distinctive and 
economi<*al installation. A well-designed direct-lighting system, 
such as might 1)(‘ uschI on the ii]>per floors of large stores, is very 
frecpumtly (Ununed (mtiridy satisfactory, especially where a semi¬ 
enclosing unit is us(‘d. 

Exclusive Stores. Kxclusive small stores or shops, found 
princi])ally in th<‘ largcn* cities, lend themselves to an artistic treat¬ 
ment which is impossil)le in larger areas. In many cases, the use 
of (‘oIohhI lam])s to ])rovide lighting of a distinctive tone is highly 
dcsirahle, while uniformity of illumination is to be avoided rather 
than sought. Tlu* fixtures may well he of spe(*ial design but care 
should h(' tak<m to a^’oid the very common error of allowing too 
hrilliant light sour(*es wnthin the range of vision. Modifications 
of stnni-indire(‘t, indirect, aiul enclosing fixtures are used almost 
entirely. 

Small Stores in General. Effi(*iency is the first requirement 
of a lighting system for the usual small store. A high intensity is 
ne<*(‘ssary for tlu^ eonvcmiimc'e of (aistomers and for advertising 
l)urposes, l)ut, the fixturt's may he of very simple design. Conse- 
(pumtly, <Iire(*i lighting with open refle(‘t()rs, or with a good type 
of s<nni-(‘n(‘losing unit, is, as a. rule, most a])i)licahle although often 
the installation of an inexpensive semi-indiroct or enclosing unit is 
])r(dVrahIt‘. 

iS(‘mi-(‘nclosing units ])ossess an advantage over o\m\ rcllee- 
tors in that th(\y diffuse the light from the filament over a com- 
parativtdy large area.; hence th(\y may be ixmi with a lamp of any 
siz(‘, ami in lo<^ations wIutc open refle<*tors would catiso annoying 
glan\ 'Fhey possess an advantage over opal enclosing units in 
that they distribute light in much the same way as a dense opal 
open reflector and arc therefore less dependent for their efficiency 
upon the finish of the walls and ceiling. 
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A common mistake in sniall-storc is tin' installation 

of a single row of direct-lighting rcllcctors along the e<*nter of the 
store, where at least two rows of sinaller units slaiuld he used to 
prevent the customer’s shadow' from interlV'ring with his examina¬ 
tion of the wares, and to illuminate the slu'lving or high ease's 
along the side walls. A. single row of se-mi-indireet. or enclosing 
units is, however, usually satisfact.ory. An exee'ption to the use of 
bowl-frosted lamps wdth open relleete>rs may h(' made' in tlu* ease' 
of small jewelry stores wdicre brilliant relle'e‘tie)ns in gems anel e-nt 
glass may be desirable; the units shemlel, heeweve'r, he' plaes'd well 
above the usual line of visiem to ave>iel glare. 

Illumination Intensities. A lighting instidlatiem se'rve's a 
double purpose; first, it permits the me're'haiielise' te» he e.xamine'el 
with comfort; second, it advertises the sten-e'. Liglit is n'e-eygnize'e! 
as one of the least expensive and me).st ('ffee'ti\'(' e)f iieh'ertising 
mediums, and hence intensities higher than ahsoIntel,\' n('ee.ssary 
for comfortable vision are almost universally d<'mand<'<l. '’I’he 
three factors which govern the selection of an intensity for any 
particular case are: the nature of the nK'rehandise for dark goods 
require a higher intensity than light goods to apitear <'<pially w<'ll 
illuminated; the illumination standard of th<' imniediafe neighbor¬ 
hood; and the amount which the owiu'r fi'cls it e.xp('<lii'nt to 
apportion for the advertising value of a high int('nsity. 'riie lowx'r 
values of any table of intensities should, tlu'n'fon', he ns('d cau¬ 
tiously and full weight given to local conditions. nowcv('r, vahu's 
applying to average conditions are useful as a basis np(»n which to 
estimate desirable intensities, and such values are given in 'ruble 
XXI. 

The maximum ratios of the spacing distune*' to tin* lu'ight of 
the unit above the working plan*! (not above the floor), which 
may be used with fair uniformity of illumination with tin* various 
types of units discussed, are given in 'ruble XIV. If greati'r 
spacing distances than those (k'termined by these ratios seem 
desirable, it should be remembered that as the spacing is increase*! 
the degree of uniformity decreases rapidly. 'Fhc greater the p<*r- 
missible spacing distance, the larger the lamps which may be used 
and the fewer the number required. The fewer the units of a 
given type, the less the installation and operating expeiuK*, but 
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TABLE XXI 

Range of Fool-Candle Intensities Desirable 
for Various Classes of Service 

D<*I)artnu*ni StoioH tiiul Lhiko Specialty Stores 


Main Floors . . . . ... C-IO 

Other Floors ... . .4-8 


Stoii'H of Mediiim Size 

Book and Stationery. ... . 3-6 

(Jlotlunf»:... . .' .... .. . 4-8 

Drug .... . . . . ... 4-8 

Dry Ooods. .4-8 

Furnitun' . . . . .3-6 

(iroeiTy . . . 3-6 


lOxcluHive Hiiiall iStores 

Ijiglif. Goods .... . 6-10 

Dark Chiods . . . .8—12 


Siiinll »StoroH in (lenoral 

Art. . . . .5-8 

Bake Shop. ... .... 3-5 

Book. . . . . . 3-5 

C/igar. . . 4-6 

Clothing .. . . . .4-8 

Confeetionery .... ..... . .3-5 

Dooorator. . . 4-8 

Drug. . .... 3-() 

Dry Goo<ls.. . . . . ... 4 -8 

Florist., . ... .35 

Furrier. . . 5-8 

Gro<i<'ry. .. . 3-5 

Habordns}i(‘ry . . . 5-8 

lhml\vnr(‘. 3-4 

Hat. 4-6 

Jewelry.4-6 

L<‘ath<*r. . . 4-6 

Me'ut. ... 3-5 

Millinery.4-8 

Music.3-5 

Notions. 3-5 

Piano. 3-6 

vShoo. 3-5 

Tailor. 4-8 

Tobacco... 3-5 


163 
























142 


ELECTRIC LicarriNd 


the greater the area affected by the failure c»f a. lamp ami the 
denser the shadows. 

Show=Windows. The ultimate purpose of a show-window is to 
create a desire to purchase. It may do this dirc<‘11,v, by <lispla.\- 
ing objects which, when seen by an observer, ar<> desirtsl at once, 
or indirectly, by imparting to the observer ti desin' to insiMS'l 
further the establishment of which the show-window is a part. 
A show-window usually appears as ti picture* in whi<*h tlu* window- 
dresser has endeavored to portray one objc'ct or a groiii) of ohje<*ts 
in such a manner that tlie display has the powt'i* to dntw tind to 
hold the attention by appealing to the observer’s sens** of beant.s 
or of the unusual. At night the dcgrc'e t.o whicli tliis is aeeoni- 



Fig. 85. Diagram Showing KIToct of Window BacUgroiiiulH witli 
to Spt'cular HdUwtmn 


plished depends not only upon the display itst'lf, but als«) upon 
the manner in which it is illuminated. 

As far as the amount of illumination in the window is con¬ 
cerned, the hanging height of tlie lamps mak<'S litth; <liir<‘n‘n<‘e 
provided the proper reflector is chosen and the light S(»iire(‘S are 
concealed; it is important, however, that the units be conec'uled, 
for a show-window should attract attention to the <Usplay rather 
than to the light sources. If the window glass does not est(‘nd 
all the way up to the ceiling, there may be room to mount tla* 
units along the top front edge so that they cannot be sc'cu from 
the sidewalk. If conditions are otherwise, it may be nect'ssary to 
drop a curtain or valance next to the glass for a foot or two from 
the ceiling. A translucent sign extending across the top of the 
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illuminated from behind by the lamps which light the win- 
<1()W may b(^ utilized in some cases to a(lva,ntage. 

llefle(*lions of light sources from polislunl surfaces are some¬ 
times of such brilliaiuy that they produce a blinding efrect almost 
as extreme as would the light source itself. If a lamp is placed 
as shown at a. Fig. Sf), in a window with a polished background, 
such as a mirror or a polislu'd-wocxl paneling which extends 
almost from the floor of the window to the ceiling, the image of 
th(» source will be re(lect('d into the eye of the obsc'rver, as shown 
by the broken lines. If the 
background does not extend up 
so high, as at /i, little redeeted 
light will strike the eye at its 
ordinary height. The same re¬ 
sult can bo secured by dropping 
a curtain between the light 
sources and a high background, 
as indicated at A; or, if the 
background is a necessary part 
of the display, it may be niat- 
jBuished so that the reflection, 
instead of forming a brilliant 
image, will be difl’used in all 
directions, as shown at C. When 
light is reflected from mat sur¬ 
faces in all directions, the whole 
surfa(‘e appears uniformly illumi¬ 
nated and no excessively brilliant 
image is formed to dazzle the eye. 

Another source of annoyance to the observer of a show- 
window, either by day or by night, is the reflection in the window 
glass of bright objects on the street, or lights from nearby build¬ 
ings and windows. In many instunees this cannot be easily 
remedied. However, by the use (rf curved window glass, su<*h as 
shown in Fig. 81), this eondiliou of dire<‘t refle(*tion (jau be avoided 
and the attractiveness of the show-wiiulow be ])reserved. 

Light DhecfUm. A certain degree of shadow is necessary in 
order that each part of an object may appear in its proper rela- 
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tion to every other part. If a window is ilhiininated in such a 
way that all shadow is avoided, the <lisplay is certain to appear 
flat. The importance of shadow in lij?htinu is well illustrated hy 
the photographs of Fig. 74. On the other hand, if the usual di.s- 
play were illuminated by a single large unit mounted at tlu' ceil¬ 
ing near the glass, the contrast of light and shade might he too 
pronounced. It is well, therefore, to have available a greab'r 
number of smaller units employing, in most cas('S, the lOO-watt 
Mazda C or 150-watt Mazda C-2 lamps mount('d along the top 
front edge of the window. It is a great advantage to hav<‘ 
installed two or three times as many outlets as ar(‘ needed for any 
one form of lighting. These should be wired in groups .so that 
the direction of the light can be varied to secure any degns* of 
light and shade by merely operating the projK'r switches. In 

those cases of window lighting 
where striking effects of light and 
shade contrasts an* desirabh*, 
advantage can be taken of this 
special construction and ])la<‘ing 
of units. For instance, a <lisplay 
may have a central figure which 
demands a more pronounced <‘on- 
trast of light and shade than 
could be secured with a uniform 
spacing of units. For such an effect, several units may b(‘ 
grouped as shown in Fig. 87. This arrangement of units gives th<* 
central figure its proper appearance, and at the same time pn*- 
vents objectionable shadows on the remainder of the display. 
Again, the window trim may consist only of one object, requiring 
heavy shadow effects, and in such a case the display <*an often lx* 
best lighted by placing a single large lamp with a reflector in one 
of the upper front corners of the window. 

Color variation is, perhaps, the most effeertive means of hold¬ 
ing attention. A florist’s window, for example, can be made to 
change wonderfully by simply changing the color quality of the 
light which illummates it. If it is lighted entirely by a white 
light, such as is obtained with Mazda C-2 lamps, the whites, 
blues, greens, and violets will appear to stand out equally 
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with the reds, yellows, and browns with which they are contrasted. 
If the color quality of the light is made to change by adding 
to the white light warmer tones from amber-colored bulbs, the 
colors that first appeared prominent will appear to fade and 
the yellows and browns will be given prominence. Again, if red 
is added, the effect will he to make the contrasts between red 
and the other colors more marked. Such effects, as mentioned, 
may be readily secured if the window is provided with several 
circuits. The colors in rugs, dress goods, wall paper, pictures, 
paintings, etc., are susceptible to the same treatment. A window- 
dresser who makes a study of the possibilities of colored light as 
well as of light direction, will be able to produce beautiful and 
unusual effe(‘ts. 

Jnfemity, The light required to produce a suitable intensity 
for show-window lighting depends, among other things, upon the 
brightness of the street as a whole. A display which is located on 
a relatively dark side-street where other windows are unlighted 
will require less illumination than one which is located on a 
brightly lighted thoroughfare where the buildings and windows are 
also well illuminated. Further, objects are seen not by the light 
which strikes them but by the light which they reflect; lienee, a 
window in which dark goods are displayed must be illuminated to 
several times the intensity of a window in which white goods 
are displayed to appear lighted to an equal intensity. A light- 
colored show-window display in a small town might be well 
lighted at an intensity of 10 foot-candles, a similar display 
on a i)r()minent street in a city might profitably use 25 foot- 
(‘aiidles, while for all dark disjJay under the latter conditions, 
50 f()ot-(*andles might well be employed. The range of inten¬ 
sities, then, whicli is suitable for show-window lighting may 
he given as 10 to 50 foot-candles, depending on the color 
of the display and the relative brightness of the window sur¬ 
roundings. 

Owing to the fundamental diflerenoe in design and purpose 
between show-window and other interior-lighting installations, the 
’ordinary method of calculating the power requirements for a given 
intensity of ilhimination cannot be employed. Promded the proper 
f type of reflector in chosen, for the problem in hand, the following 
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formula is of siifficiont accuracy for the groat majority of wiialow- 
lighting installatious: 

Total watts rcqnuro(l = ‘ — ^ ci}?' '^‘^1- 

(Mazda C lamps) 

For example, if it is desired to illuminate a window to an int('n- 
sity of 25 foot-candles and the dimensions ar(', lieiglit 0 fc'ct, 

depth 7 feel, length M feet, 
the total wattag(“ rt'(piired is 




Usi^/tr OF l/iMfs 


'-f 




][ 


25(10-1-7) M 


1100 watts. 


£x.Ey/^r/ON 


Twelvi' 100-watt Mazda (’ 
Iaini)S or 12 15t)-watt Mazda 
0-2 lamps might he employed. 

To obtain satisfa(“tor,v re¬ 
sults in a show-window more 
than in almost any other loca¬ 
tion it is necessary that a 
reflector giving th<‘ correct dis¬ 
tribution of light b<‘ s(‘It‘eted. 
Experience' has shown that in 
general the most satisfactory 
and efheient eeiuipim'iit con¬ 
sists of individual relleetors of 
mirrored or prismati<‘ glass. In 
each of these two types a 
variety of styles is available*, 
set that the preiper elistribu- 
tion of light for high, medium, letw, and d('(']> wineletws may be* 
obtained. 

INDUSTRIAL PLANTS 



Pi.AH 

Fik SeS. Diapirtini of ►Show Window, 
with Import lint Dimonfiions 


Advantages of Proper Lighting. The proper illuminntie)n of 
our itielustrial establishments hius bee‘e>me' a matter of prime' 
im]}ortance to the manufacturer, the workman, and the state*. 
Only a few years ago the number of persenis directly affected was 
small, for artificial lighting was largely a supplementary matter in 
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the factory; nipjlit o])eratu)n was carried on in only a few indus- 
tri('s, wlu^re the processes were of necessity continuous. It so 
hapi)ened that the visual requirements in these industries were not 
es])ecially exactinjjf. The i>ress of war-time demands made mul- 
ti])le shifts necessary in all principal industries. Without night 
operation much <lelay would have ensued while materials were 
secure<h buildings erected, and ma<*hinery manufactured and 
installed. The power faciliti(‘S of the country would have been 
entin'ly ina(l('(iuat<' had they not been used by night as well as by 
day; more coal would have been consumed for a given production, 
and our national <‘ffort generally retarded. With peace-time 
adjustments made, most efK(*ient production will likewise reqxiire 
the maximum use of (‘apital exptuiditures for })lant and equip¬ 
ment. Short<T hours of labor are an important factor, and it 
seems that at least two-sliift operation, which would permit night 
sle(‘]) and daylight hours of recreation for all, will be adopted in 
an iiKTeasing number of industries. 

Bad Existing Conditions. While our industrial success and 
efficiency have thus Ixeeome dependent in important measure 
upon the artificial lighting facilities installed in our factories, the 
majority of these still have conditions of illumination that are a 
meiia(*e to the vision and general health of the operative, that 
create ac<*ident hazards, and that lead to spoilage of material and 
enrtailineut of output. The industrial (‘oinmissions of various 
states are taking cognizanee of these conditions and mv Fornnilat- 
ing codes or regulations covering the ligliting of industrial ])lants. 

Fortunately, jirogress in the art of light iiroductiou and 
application has been su(‘h tluit the new demands can be met with 
illumination of the rccpiisite intensity, ad(‘(iua1cly controlled as 
regards diredion, dilfusion, and other desirable cjualities. With 
mod(‘ru lamps and a(*eessories it is ])raeticabl(‘ and ec'onomieal to 
furnish light of an intensity eoinpara.ble with a-verage daylight 
eonditions in a factory and equal in <iua.lity, so that no harmful 
results can ensue and i)r()du(‘ti()n can bo kept at. a ma.xiimnn. 

The advantages to the manufacturer of jiroviding i)roper 
lighting fa(*iliti(‘S in his plant are nowhere bettcu* stat(‘d than in a 
bulletin on sho]) lighting issued to its members l)y the National 
Safety Couneil. From it the following paragraphs arc quoted: 
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1. Without light and sight all manufuctain' (‘-oases, l^indfold (‘Vi‘n Iht* 
most skilled mechanic and he is helpless. Any piece of work which he at.teinpt(‘(l 
to do would surely bo spoiled, and he would be liable to injure himself or some* 
other workman. 

2. Workmen in a poorly lighted factory are, in elTeet, partially hlindfoldcvl. 
The process of manufacturing goes on, but certiiinly not as <‘f!ie,i(‘nt.ly as if ade¬ 
quate light were provided. Yet many manufacturc'rs who supply th(‘ir (‘mploy<‘H 
with the best of tools and equipment nev(ir consider the importan<‘e of th<‘ work¬ 
er’s eyes and the handicap of poor lighting. The eflhncmcy of th(' workman 
determines the efficiency of the machine. Adequate illumination is probably tlu* 
most essential factor in securing high efficiency of the workman. 

3. Inadequate and improper illumination in(T(‘as(\s t.lu' probability of 
accidents. A careful analysis of 91,000 ace.ident.s showed that about tw(‘uly-four 
per cent were due wholly or in part to poor lighting. 

4. While most employers and employe's are familiar with th(‘ dangers t.o 
the eyes from mechanical injury, very few are aware of tlu' harm doiu' by poor 
lighting. Impairment of vision is a slow proc(‘ss, and it may take months and 
even years before the individual becomes aware of it. Fatigue and (‘y(‘-strain, 
caused by improper lighting, will lead to near-sightedness, th(‘n to a gradual 
decrease of vision, and possibly to total blindness. 

5. Good lighting is an investment, not an cxpenditims In a plant whi<*h 
is properly illuminated accidents are less frequent, the imiployes work more 
efficiently and make fewer mistakes, a closer and bettc'r supewision of tlu' mt‘u is 
possible, and the employes are better contented and more stabk' in (‘mployment. 
because of the orderly and pleasant surroundings which are sure' to r(‘Hult from 
good lighting. 

Intensity. Today, work of every kind, including the most 
intricate operations and those requiring the utmost pn'<‘iHit)n, 
must be carried on throughout the twenty-four hours. If artifi¬ 
cial light could be had for the asking, no plant w’ould he content 
with a lower standard of illumination by night than by day. 
For reference. Table XXII is given, which summarizes the values 
of daylight intensity, found in a large number of typical factories. 
Very properly, those operations requiring the closest scrutiny 
were found located nearest the windows and therefore rc'ccived the 
highest intensity of illumination, as is shown by the first column 
of the table. 

The minimum intensity to be supplied is that which will per¬ 
mit comfortable vision, conserve eyesight, and eliminate accident 
hazard. Many states, through their industrial commissions, are 
beginning to require the employer to make such minimum pro¬ 
vision. Intensities for various classes of operations are specified, 
depending on the nature and fineness of the detail to be observed, 
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TABLE XXII 

Working Intensities of Daylight Illumination in Poot-Candles 


Factory 3^io<hict 

Grade op Work 

A 

B 

c 

Engine lathes Vortft Mm-Max 

1 0 

a - 1 5 

7 

2-15 

3 

0 5- 0 

Axitonmtic ougiiK' 

I 4 

2 ~ C 0 

1 2 

2-30 

1 0 

1-15 

Machine forgingH 


« 

2-^15 

5 

1-10 

Special inachinory 

1 0 

•t - 2 0 

7 

3 1 5 


Lamps 

1 0 

r> “ 1 « 

0 

1 1 - 15 


Vacuum cIcuiuth 

17 

7-2 T) 

X 1 

3-20 


AutoinobiloR 

r> 

2-11 

5 

2-8 

3 - 1 1 

Automobiles 

l 0 

0 ~ 1 2 

3 

1 - 3 

5 

•1 - 5 

Storage batterii'w 


5 

1 - 0 

3 

0 5 - 5 

Machine tools and patterns 

0 

2-10 

S) 

3 - 3 5 


Sheet iron equipment 

1 0 

1-20 

5 

1 “ 1 2 

8 

2 - 1 5 

Machine gears 

7 

» - 1 (J 

8 

5-18 

5 

1-15 

Hardware * 

1 0 1 
1-20 I 

1 0 

1-20 

4 

0 5-1 2 

Printing machinery ! 

1 

5 

1-15 

3 

0 5 ” 5 

Sowing machine's 


1 

1 • 8 

2 5 

Cloth bags 


5 

3 "10 

7 

3-10 

Clothing ' 

1 0 

10-20 

4 

7-15 


Furniture 

5 

3-20 

5 

0 5 - 1 2 


Average 

1 0 

1-18 

7 

3 1 5 

1 5-10 


the closeness of application required, and the reflection factor of 
the working surfaces. These intensities are designed merely to 
protect the operative who must work for long hours under these 
conditions day after day. 

Effect m Prodvdion. However, governmental requirements 
do not assure the most economical production, a factor of vital 
interest to the manufacturer, and to obtain which much higher 
intensity values arc found necessary. It is diflicult to recommend 
the exact intensity required in a given plant from the economic 
standpoint. This figure necessarily depends upon numerous fac¬ 
tors such as the cost of producing light, the number and wages of 
the employes and the value of their output, all of which vary 
widely in different establishments. Again, the alertness and better 
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morale of the workmen in brightly liglitcd .surrounding's ar<> a< 
once rciloctcd in the greater production of tlu' planl. 

There is a growing conviction that no one siiould !«' (‘ailed 
upon to work continuously ut any occupation inuh'r an intensity 
of less than 1 foot-candle rcgardlo.ss of how rough tlu' operation 
may be. Table XII lists the present standards of intensity for 
dilferent classes of work. There is no doubt tiuit tlu‘ us(‘ of 
higher values than are there listed will juove prolitid)l<‘ in many 
cases. It is a notable fact, that in those raet(»ries in which the 
most study has been devoted to lighting, the high<‘,st intensitw's 



have been adopted, based upon the experience that <'ach incr<‘as(> 
has led to still more economical production. 

Tests. Tests by Mr. W. A. Durgin in four (’hicago jdnnti'i 
where accurate cost and production records could be kt'pt, show(‘d 
that with intensities of the order of 10 to 12 foot-candlt's, the 
production increased from 10 to 35 per cent at a cost for lighting 
of only 1 to 5.5 i)er cent of the pay roll. Tlu'se shops were 
engaged in various metal-macthining and assembling operations 
and the previous lighting systems were, in one case, individual 
lamps on drop cords, and in the other three instances, modem 
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installations of general illumination ranging in intensity from 2 to 
4 foot-eandles. 

Tlie intensity values used in industrial lighting as compared 
with the usual range of dayliglit intensities existing in factory 
interiors are sliowu graphically in Fig. 89. 

Necessity for Uniform Illumination. Moderate intensities of 
illumination in aisles and other intermediate spaces on the walls, 
(4(*., are necessary to safety, good vision, and a stimulating atmos¬ 
phere. Light side walls arc conducive to a cheerful impression of 
brightness tlironghout the room. Sources which direct consideralde 
light to the v(‘rti<‘al ])lanes, and light wall colors, aid materially 
in accomplishing this. 

The (\N’es of the workman looking up from his well-illuminated 
machine or bench are not adapted for vision at low intensities; 
hence, if adjacent objects and aisles are only dimly lighted, he 
will bo compelled either to grope about, losing time and risking 
ac(‘ideut, or to wait until Ids eyes have become adapted to the 
low intensity. Glancing back at his work, he again loses time 
while the inipils of his eyes adjust themselves to the increased 
amount of light which reaches them. If long continued, this con¬ 
dition leads to fatigue as well as to interfiu'ence with vision, and 
to accidents. The general illumination of all intermediate and sur¬ 
rounding areas should be sufficient to allow no marked contrast 
with the brightness of the working surfaces. 

It is considerations such as these that have led to the almost 
universal adoi)tion of the general or overhead system of lighting 
in modern industrial plaiits; they also constitute the strongest 
arguments for the use of translucent reflectors. 

A piUH'ly lo(*al lighting system which provides light on the 
work o!dy is not desirable. There are, however, iiLstances in 
which an operation can be best illuminated by units located close 
to the work. Where this is the case, no general pro(*edure for 
calculating the size and location of units can be formulated 
because of the wide range of conditions likely to be encountered. 
The general requirements for good illumination should, however, 
be followed. They n(‘cessitate the use of reflectors and lamps so 
located with respect to the work and the operator that the light 
source is shielded from his eyes and that excessive specular reflec- 
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tions in his direction may be avoided. Where local lighting Is 
necessary there should be a moderate amount of general illumina¬ 
tion in order that extreme contrasts between the intensity of 
light on the work and that on the surroundings may be obviated. 

General Overhead Lighting. General overhead lighting ha.s 
a very wide application in industrial work. The customary 
method is to divide the ceiling of the room into squares, or 
rectangles approximately square, and to locate on<' unit in the 
center of each. For some industries it may not be ne(‘es.sary to 
light each entire room to the same intensity. For in.stance, a 
large room may have a wide aisle running througli the center 
with machine work on either side. The two sides may be con¬ 
sidered as separate areas and lighted to a uniform intensity whil(> 
the lighting units directly over the aisle may b(‘ of smaller si'/.<' 
and spaced at greater distances. Again, there are certain indus¬ 
tries where the locations of machines are symmetrical with respect 
to the room, or otherwise particularly located, and, if the opera¬ 
tions at these machines are to be satisfactorily ilhnninated, the 
location of the overhead lighting units may well be modified to <‘on- 
form to the machine arrangement. A noteworthy instance of this 
is found in the textile industries, where looms, spinning frame.s, 
etc., are symmetrically arranged. When overhead units are located 
particularly with respect to these machines, there results a greater 
freedom from shadows on the working area. This an-angement is 
commonly known as modified general or group lighting. The 
advantage of the strictly symmetrical arrangement of units in 
contrast to group lighting is that the entire area of the room is uni¬ 
formly illuminated, and, regardless of changes in the position of 
machines, an adequate intensity will be available. In modern 
factory practice a relocation of entire departments -is not an 
uncommon occurrence. 

In many machine shops and foundries, work-benches are 
located along the side walls. It is usually advisable to provide a 
row of lamps near enough to the walls to illuminate the benches 
satisfactorily. In many cases this may be accomplished simply by 
moving over the outside row of lamps in a purely general system 
one or two feet beyond its normal position with respect to tlu* 
dimensions of the room, or, imder other drcumstances, an extra 
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row of smaller units at closer spacings and a lower mounting 
height may be found desirahlo. 

In industrial lighting particularly is it desirable, for a given 
total wattage, to employ the'least niunber of lighting units which 
will provide the best illumination. Not only is the expense for 
wiring and that for the cleaning of the units thus kept down, but 
the larger lamps are appreciably higher in efficiency. The prob¬ 
lem is decided primarily by the minimum number necessary to 
provide reasonably uniform lighting, to supply light from a suffi¬ 
cient number of directions to illuminate adequately surfaces in all 
vertical j)lanes, and to make the distance between units such that 
the light does not fall upon any working surface so obliquely as to 
make it likely that a person will stand in his own light. In gen¬ 
eral, with the units commonly employe4 in industrial lighting, an 
arrangement which provides reasonably uniform illumination will 
also provide satisfactory illumination of vertical surfaces and will 
obviate long, dense shadows. 

Comiderable Planning Necessary. Usually, a large room is 
divided by columns or ceiling beams into sjunmetrical bays. It 
is usually desirable that the units of a general lighting system be' 
located sjunmetrically with respect to each bay and approximately 
in squares. Sometimes the proportions of interiors are such that 
a single outlet in the center of each bay will fill the requirements; 
again, the installation of four outlets per bay may be satisfactory; 
or, where long rectangular bays are found, two, tliree, or four 
units in a row may be desirable. Not iirfrcquently, however, the 
proportions of the interior are such that the location of the least 
number of units to supply the required illumination calls for con¬ 
siderable planning in the design. Such a problem is presented by 
square bays measuring 20 feet on a side, and rectangular bays 
measuring 10 feet by 20 feet. The occurrence of these sizes in 
modern ’ industrial plants is sufficiently common to warrant a 
somewhat detailed discussion of their lighting. 

On a 20-foot spacing, dome reflectors should be mounted not 
less than 12 feet above the plane of the work. Ordinarily this 
calls for a minimum ceiling height of 16 feet. Hence, where bays 
20 feet square are encountered, the use of a single unit per bay 
would not regularly be recommended unless the - ceiling height 
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were 16 feet or more. On the other hand, four units ])fT hay on 
a 10-foot spacing may be used where the cviling heiglit is not less 
than 10 feet, and their installation is good i)ractiee in all <‘ases 
where it ranges between 10 and 16 feet. lIowi'v<'r, where th<' 
ceilmg height is 12^ feet or more, two donie-redeetor units ja'r 
bay, staggered as shown by the solid cir<‘les of Fig. 00, will 
answer the requirements at somewhat lower op(‘ratlng cost. 
Attention is called to the ease with which an extra unit may 1 h‘ 



BA 'i'B — BECT B90ABE 
CE/Uf/e —/3 BEST 

AtAX/MUM AfooA/r/r/s ABoys yycffA -sbebt 

A’JEAAf/SS/Bt.e {/ElAfOOAf£}-/Sy^E!Eir 

Fig. 00. Suggested nocations of lighting TTiiilH for 20-I'<iol Uuyn with lO-Foot (’I'iliiigH 

installed between every two units eomjirising tln“ outside rows to 
provide an especially high intensity for bench work. 

Where bays measuring 16 by 20 feet are found, one dome- 
type unit per bay will not provide uniform illumimition unless ii 
mounting height above the work of 12 ftntt, calling for a minimum 
ceiling height of 16 feet, is practical. Four units per bay are not 
necessary unless the ceiling height is loss than lOJ f(*ot, and if less 
than 10 feet, six units are required. Between these <!ciling heights, 
units mounted 10 feet 8 inches apart in the direction of the room 
crosswise of the bays and 10 feet apart lengthwise of the bay?, as 
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shown in Fig. 01, ])rovi(le uuiforin illumination at an average 
installulion of throe outlets ])er bay. This layout is particularly 
suitable where the number of bays in the room in a direction 
crosswise of the bays is odd, which brings a bay of four units 
at each end. 

Adjuitt H])a(‘i>ig io Condifiom. One factor always operates 
to encourage stretching the spiuung ratio just a little—^where a 
single unit ]H'r bay would bandy exceed the permissible spacing. 



Under tlu'S(‘ conditions, it is well to remember that a single large 
Mazda 0 lamp supplies a full third more light than four smaller 
lamps totaling an equal wattage. While a spacing in excess of 
the maximum recommended will rc'sult in non-uniformity, never¬ 
theless, if the ratio is not greater than two, the illumination sup¬ 
plied by the single large lamp will at the point of minimum 
intensity be practically equal to the illumination supplied by the 
four smaller lamps, and will, of course, be higher at all other 
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points. Pig. 92. However, it must be remembered when the si)ae- 
ing is being decided that the number of sourees direeting light to 
an object is reduced when the spacing is increased to such a ratio, 
and, too, that the light from the units reaches these objects more* 
obliquely and forms more troublesome shadows. The use of a 
single large unit instead of four smaller ones is principally appli¬ 
cable in commercial lighting, but occasionally it oilers the best 
solution of an industrial lighting problem; it is decidedly advan¬ 
tageous in all industrial lighting to avoi<l a spacing distanct' 
greater than twice the mounting height above the work plane. 

Typical Case of Lighting Tool Shop. In Figs. Oil and 94 will 
be found a comparison of the lighting of a tool shop by nu'ans 
of 3-ampere, 220-volt D.C. enclosed arcs and ir)0-watt Mazda 


- /uuM/ftA noN fffoM 4-00 WATr CJt 


14- 

>'2 

\IO 


% 


hym MoujyrsD 


\f (oreer/ieoyarHe SffiCEO ^OMr/tPART 



’jiWMmATfON fROM /oo-Mrt C/r//r5 MovtireoY | 
/o^£^^7 Above me r\ 


/Z /€ ZO Z4 2^ S2 5e 40 44 46 52 

Fig. 92. OompanBon of Lighting Syatenm 


lamps, respectively. The same total wattage was installed in 
both systems. The arc installation was supplemented by about 
50 carbon drop lamps over the machines, which were found 
to be unnecessary when the Mazda units w<'re emijioyed. It 
should be noted that in addition to ])roducing a much higher 
average intensity of light, the distribution from the Mazda units 
is far more uniform; the intensity from tlui arc installation varit'd 
between 0.17 and 4.45 foot-candles at points which rcquiix'd 
equally good lighting. When the carbon drop lamps are omitte<l 
from the comparison, the data for these two in.stallations arc as 
given in Table XXIII. Figs. 87 and 88 also illustrate the usual 
method of finding the average intensity of illumination in a given 
room, by dividing a representative area between lamps into small 
squares and taking a measurement of the intensity of illumination 
at the center of each square. 
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TABLE XXI11 


Comparison of Arc and Mazda Lamps 



An* hanipH 

no-Volt 
Mtudu Liinips 

q'<)(al iitnnlu‘r of lamps r<‘<iuirod .. . . 

10 

80 

of lamps ahovo Iloor, t*i.,. 

10 

12.5 

Iltaght of tost, piano, ft. 

S.f) 

,3.5 

Lamps p('r bay... 

1.2,5 

4 

Watts por lamp. 

7.50 

150 

HaUul <‘(Ii<'ionov, w.p.o. 


1 12 

Aroa of bay (i2.<Vxt0.r/), nq. ft. 

(US 

018 

Watts p('r s<|. ft. 

0 <)7 

0.07 

Av(‘ra^<‘ int(‘usity, ft-(alls, . . . . 

1.1,5 

5 2,5 

KlYi'otivo l\im<‘ns, por watt. 

1 IS 

5 40 


PROBLEM 

It is desired to light a large inacLine shop in which both 
bench work and ina(*hine work of medium grade are being done. 
In this ease it is desired to have an illumination of good quality 
devoid of glare and sharp shadows. The following data are 
suppliinl: 

Length, I}2() feed. 

Width, 100 tVet. 

Size of bays, 100 feetX20 feet. 

(Viling height (min.), 20 feet. 

Glass si<le walls, reflection factor equivalent to that of dark 
walls. 

(\)l()r of ceiling, light. 

(Th<‘ <*ross!)ars of the roof trusses are LSfeet above the floor, 
overhead shafting and ])ull(\vs are mostly above the crossbars.) 

Solution 

Ninety-six ;i0(Mvatt ndlecto-cap units, Fig. 95, 16X20 foot 
spacing, units hung 1 foot Ixdow (‘rossbars, coenicient of utiliza¬ 
tion Fig. 96 is a ])hotograph of the actual installation. 

In all industrial plants, lighting and i)ower circuits should be 
separate. Not only arc fhuduations in voltage caused by the 
starting of motors or by the suchleu shifting of heavy loads 
thereby eorifined mainly to the power circuit, and their effect 
upon lamp performanc^e thus reduced, but with this arrangement 
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trouble in the power circuit is far less likely to cut off the illumi¬ 
nation of the plant at a moment when light is urgently ueedwl. 



Fig. 05, Spacing of 06- to 300-Watt Koflocto-CJap XJiiHh in Machine Shop Hiiowu m Kig. 00 


railways and street cars 

standard Arrangement. From the standpoint of' illumination 
design a car interior does not differ from other interiors exoe])t 
for the fact that the location of chairs or scats is for the 
most part fixed, and therefore the direction of view of the pas¬ 
senger is known; in the case of a street ear the situation is 
complicated by the fact that in order to give comijlete satisfaction 
the system must also provide good illumination for ru'wspuper 
reading by those having seats when the aisles are crowdal. For 
both railway and street cars it has been found, howevi'r, that a 
single row of lamps down the ceub'r of the ear, when <>quipp<'d 
with suitable reflecting devices, can be made to meet the retiuire- 
ments, and this arrangement is gradually becoming standanl for 
both types of cars. 

In the early'applications of electricity to car lighting litth* 
thought was given to proper diffusion or dirc'ctiou of light, and 
the system was usually both inefficient and glaring. Too often it 
consisted of one or more rows of bare lamps pla<*ed close to a 
ceiling of very dark tone. Recently, however, there has been a 
commendable trend toward the use of bowl-shaped opal reflectors 
with frosted lamps, and of diffusing glass hemispheres, placed close 
to the ceiling. With both of these types the conditions of vision 
are far more comfortable, especially when the ceilings are painted 
light in color to reduce the contrast between the light source and 
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Fig 96 Interior *Vjen in [Machine Shop Shown in Plan in Fig. 95 
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its background. The hcniisplicrcs liavc an advantagt' over other 
units for oar lighting in that they can lx* mad(' ])raeli<‘ally dust 
tight. 

Most steam-railway cars are now suijplied direct current at 
32 or 64 volts from axle-driven generatoi'S and storag(' hattc'ries 
located on the car. A table of incand<'seent laini)s of both th(> 
vacuum and gas-filled types now available for us(' on th('.s(> volt¬ 
ages is given in Table 111. 

In the case of street care the power is of courst' supplie<l at 
550 to 600 volts and ordinarily Imnps of the ll()-\'olt class are 
operated in groups, five in a series, llndci tlu\se cireuinstanees 
vacuum lamps only can be used, for, when a lamp fails, the full 
voltage of the line is impressed across its t(‘rininals; with the 
gas-filled lamps serious arcing will usually follow- a condition 
which the vacuum in the other type of lamps j)revents. 

RESIDENCES 

Esthetic Considerations. In the illumination of tlu^ honu' 
the decorative element predominates, but ncverthcl('.ss to lx* 
satisfactory it must comply with the general rules for good 
lighting. 

In living rooms the use of a central ceiling fixture has been 
the almost invariable rule and, from the standpoint of I'dicicmcy 
no better location could be found for the light source, yi't with 
this arrangement the illumination of the I’oom lu'arly always 
leaves something to be desired. Central fi.xturcs whetluT of tlx* 
direct, indirect, or semi-indirect typo always illuminate a nxnn 
uniformly; tlierc arc no areas in comparative shadow to form a 
resting place for the eye. The effort to create a more pleasing 
and homelike impression has resulted in the rnori; cxtc'ixh'd use of 
table lamps and well-shaded wjill brackets, for with these the 
lighting may be localized and the effect of light and shade may be 
obtained in any degree desired. In such installations, however, 
where tlie central fixture has been omitted entirely, comidete .sat¬ 
isfaction is often lacking because of the difficulty of adequately 
illuminating the entire room, should the occasion require. This 
difficulty can be obviated by the use of some of the newer forms 
of the table and floor lamps as illustrated in Pigs. 97 and 98. 
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Tlicsc lamps, in addition to the usual equipment of frosted bulbs 
beneath the shade, also contain a mirrored or translucent reflector 
pointing upward, with which it is possible to direct a powerful 
light toward tlie ceiling and then diffuse it throughout the whole 
room. With this form of iiuli- 


j 

])()iiit (lesinMl and thoreforo the ’ ‘ tf ' 

li^lit ill all parts of the room will I 

not be of the same intensity. In j I 

jdanning the wiring for the i I 

living room, ample provision > I 

should he made to supply por- | I 

table lamps of all types, but i « I ! 

in addition it is well to carry H I 

the wiring to an outlet in the | I j 

(‘enter of the ceiling, for eluinges , I j 

in the lighting art may bring i ■ 

ba(*k the use of central fixtures ' I 

on(*e more. I 

The lighting requirements of i I 

the dining room are (piite the , H | 

opposite from those dis(‘ussecl ' H I 

above, for the arrangement of the • iiMgaillfll^^ 

furniture is entirely symmetrical |||||tf|||||^^ 
with nvspcct to the room, and in 
order to obtain satisfactorv liglit- 

iiig, fixtures must lu'arly always J 

he hung from the center of tlie 
ceiling. The choice of fixture's 

which will produce a pleasing illumination is, however, a matter 
which requires much thought. Although very popular, both semi- 
indirect bowls and chandeliers equipped with a number of unshaded 
round-bulb lamps should be avoided if really pleasing results are 
to be obtained. It should not be forgotten that the real purpose 
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of light is to provide a good illuiniuatiou on the table and a soft 
light on the faces of those seated about it. In obtaining these 
effects, no type of fixture has ever excelled a well-designed dome 
suspended just high enough so as not to obstruct the view of th<‘ 
one seated across the table. With the dome, the table itself receives 
a high intensity of illumination direct from the lamps, but th('.s(‘ 
lamps-do not glare in the eyes of those seated around the table. 
Again, the comparatively low mounting height of the dome 
insures that light reaches the face largely in a horizontal direction, 
whereas with indirect fixtures or a cluster of lights mounted clos(' 
to the ceiling the rays fall upon the face at a very obliciue angle 
and thus tend to produce deep shadows around the eyes and the 
features. If it is thought that the use of the dome fi.xtures 
would not be in harmony with the furnishings 
of the room, the same effect may bo secured by 
the use of a cluster of lamps liung low in very 
dense shades, or by equipping the table with 
well-shaded caiulelabra and providing soft gen¬ 
eral illumination of low intensity by means of 
wall brackets or a central fixture. 

As typical of a satisfactory and inexpensive 
lighting system for a small r<'si<lencc, Table 
XXIV is taken from a paj)cr by Mr. A. L. 

Dooorativi; Powcll ill thc Tramanti<)n<s‘ of the Illuminating 
Engineering Society'. 

Country-Home Equipments. Tin* int<Te.st 
which has recently been shown in electric home lighting by means 
of small isolated plants is due no doubt in some measure, to the 
success of similar but more complicated electric systems on auto¬ 
mobiles. 

The majority of country-home lighting outfits are supplied 
complete with gasoline, kerosene, or gas engine; generator; storage 
battery; and switchboard. The engine is usually an improved 
form of the type at present in extended use for driving pumps, 
operating washing machines, running churns, etc. Its operation is 
simple; it is rarely necessary to do more than supply fuel and oil 
as required. The speed of the engine is usually controlled by 
means of a simple governor which either reduces the supply of 
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TABLE XXIV 


A Typical Residence Installation 


Hoom 

Numbor of Li«htH 

<!lobp oi Rofl<‘ctor 

licmarky 

Hall (front) 

(>" 

1 lO-’vvait Ma/itla 

Opalescent on closing 
globe 

Walls dark green, 
ceiling white 

Lamj) 7' above floor 

Living room 

1 dO-wntt Mazda 

Semi-indirect opales- 

Walls dark green, 

13'XM' 

2 15-watt Mazda 
portable 

cent bowl 

ceiling white 

Lamp T'-C" above 
floor 

Dining room 

1 ()()-watt Mazda 

3 ITj-watt Mazda 

Dome with silk dif¬ 
fusing screen un¬ 
derneath 

Back of art-glass 
window 

Lamp 4'-9" from 
floor 

Den ll'XlO' 

1 lOO-watt Mazda 

1 (l(\sk 

lamp 

Total indirect light¬ 
ing fixture 

Walls dark green, 
ceiling white 

Lamp 7'-3" above 
floor 

Pantry 

I lo-watt Mazda 

Seini-indirend., opal- 
(‘Bceiit bowl 

Walls buff, ceiling 
white 

Hall (rear) 

1 l5-w^att Mazda 

Lamp frostc'd, opal 
shade 

Lamp 7'-G" above 
floor 

bathroom 

9'X(>' 

] 

1 2r)-wat.t Mazda 

i 2r)-\vatt Mazda 

Opalescent glass, 
bowl-shaped re¬ 
flector 

Metal reflector 

Bracket, lamp 5'-6" 
from floor i 

Mounted at right of 
mirror 

bedroom 

10'X14' 

1 15-watt Mazda 

1 4()-wat,t Mazda 

Cylindrical tlitTusmg 
shade 

Deep bow^I-shaped 
dilTusing shade 

Bracket lamp 

Ceiling lamp 7'-8" 
above floor 

Kitchen 

o'xir 

1 4()-wat.t Mazda 

Kxi<*nsive prismatif* 
reflector 

Lamp 7-6" from 
floor 

1 


fuel reacliing the cylinder of the engine or causes the eugiue to 
miss explosions when the speed exceeds a certain value. The 
generator is, of course, nothing more than a direct-euiTent clcctrio 
machine, which, when driven at a constant speed by the engine, 
will supply electrical energy at a nearly constant voltage. When 
the engine is running, lamps, small motors, or other appliances 
receive their current direct from the generator, and if more energy 
is generated than is required by the appliances the surplus is 
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stored in the battery for future use. When tiu' (nijjjiiH' is not 
ninuiiig, the energy which has l)een store<l in tlu* ha.tttn*y is 
available, and there is no interruj)tion of servient The switch¬ 
board usually carries an ammeter, wlii(*h in(li(*ut<‘S tlu^ eum*nt 
flowing to or from the batt(Ty; a voltnu'tcr, \vhi(*h shows at what 
electrical pressure current is being <listril)ut,ed to tln^ various 
appliances; such switches and controlling devi<*cs as are tK‘(‘essary 
to the proper operation of the jdant; and sonu'times an ainpta't^- 
hour meter which gives some indication of the amount of <‘n<*rgy 
stored in the battery for future ne<‘ds, h\)r satisfactory s(a*vi<*(‘ 
the storage battery naturally requins tlu^ sa.nu' (*an' that is givtm 
it on an automobile. 

Capaciiy of Plant. In size, country-home lighting outlits 
range from about 500 watts u])wards. For the usual hoim^ <*on- 
sisting of seven*’or eight rooms, with bathroom, atti(‘, and bas(‘- 
ment, a plant with a generator capacity of 750 watts will provid<‘ 
ample energy for lighting the house and outbuildings, an<l will 
permit the use of an electric iron, small motors, or a- toast(‘r 
during the daytime when the lighting system is not in ust^ or wlam 
not more than a few lights are used. Although a plant of smalK'r 
capacity would under usual conditions provide (‘Opacity suflicii'ut. 
for lighting alone, a size at least no smaller than 750 waits should 
be selected, because, with a smaller ])lant, el<‘t‘tri(‘ irons and simi¬ 
lar devices cannot be used to the best advantag(\ In g<uu‘ral, <h(‘ 
capacity of the plant should be ecpial to the total wa,ttag<‘ of lh(‘ 
lamps which arc likely to be iu use at any one tinus but in no 
case should be less than 750 watts. 

The problem of wiring the home for s<‘rviee from a small 
isolated plant is difl'eront from that of wiring oiu^ for st‘rvi<‘(‘ from 
a central-station circuit only in the respec‘t that, in tlu^ fornua* 
case, lamps and appliances require a high curnait at a low voltagt*, 
whereas in the latter they require high voltage and low curnmt,. 
While a house wired for 110-volt service may ne(‘<l sonu‘ <‘hungi‘s 
in wiring before the country-home lighting outfit is comu‘<*te<l to 
the wires, an installation made for 2<S- to d2-volt operation and 
insulat<^d to the 110- to ]2()-volt standard specification, will be ready 
for connection to any line whicdi may come through the country 
in the future. Only the lamps and the electrical appliances 
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tlieniselv<'s ikhhI b(‘ The (*<)iivei\so would not in p;cncral 

he true for the reason that the lower voltaj^e could not force 
suffi(*i(^nt (‘iirrent through Ihc^ system to cause tlie connected 
ap])aralus to operate (efficiently, and furthermore the energy 
taken, in fonang currcmt through, is lost. Country-home lighting 
j)lants usually g(au‘rate energy at 2S to 32 volts pressure, and a 
himp, flatiron, or otlua* dcwiee d(‘sign(‘d to operate at 2S to 32 volts 
ir([uir(*s four tilings the current that a])paratus taking the vsame 
pow(‘r hut (h\sign(‘d to op(‘rat(' on 120 volts pressure requires. If a 
(‘ountry lionu^ wer<‘ winal for llO-volt service and later for some 
reason a 2S- to 32-volt, isolatcul plant w(M'e installed and connected, 
an<l 2S- to 3()-volt lamps and ap]>lian(TS used, the inadequacy of the 
wiring would h(‘ most apparent in those circuits where electric 
iron, toaster, or otlu'r landing a])j)lianc('s high in wattage were 
conn(‘(*t(‘d, for th<^ win^s through which su(*h appliances were sup- 
pli(‘d could not furnish them with the heavy current which they 
requins with the r(‘sult that tlu'y would he slow to heat and might 
possil)ly never g<‘t hot enough for us(^ In the same way, the cir¬ 
cuits supplying current to iiicandcs(*<'nt lamps would he forced to 
(*arry a lu^aviia* currcMil than they were designed to carry, hut if 
the (‘inaiits w<n’(^ short and the power rc^quired by the lamps were 
small, th(» lamps would op(‘rale satisfactorily. However, if several 
lam])s wore (‘oiuu‘(‘t(‘d to a, single circuit of considerable length, the 
d(‘erease in tlu‘ir brilliancy might be v(Ty marked. No. 14 wire, 
whi(*h is the size commonly us(‘d for llO-volt lighting-circuit wir¬ 
ing, is salisfu<*tory for a considerable part of a 2S- to 32-v()lt instal¬ 
lation, hut s]H‘eial (‘ireuits should he provided for all devices 
consuming ovct 300 watts, for circuits which must carry the total 
(‘iirnMit for small individual loads aggregating over 300 watts, and 
even for small loads at a gr<‘at distance from tlie i)laut. 

l\w of Chart to Drrire Light SiJmfwatiom. rroi)er wire sizes 
for various loads, in watts, and lengths of copper wire, in feet, 
for a voltag(^ drop within d(\siral)le limits is shown in Pig. i)9. 
To use the (*hart, the actual length of wire which is necdcHl, 
in f(H^t, and the maximum load, in watts, must he known. The 
wire k^ngth in<‘liid('s both wires betwc(m the two points connected 
for each circaiit. For example, 22*5 fc^et of wire is needed to con¬ 
nect a load of 280 watts to a supply approximately 110 feet dis- 
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as indicated on the table by the fine arrows, the point of inter¬ 
section is found to liej in the area representing a wire size of No. 8, 
and wire of this size may be used. 
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The chart may he used to find the wire size for larger watt- 
ages or greater lengths of wire than those given directly on the 
chart. The method is simple: tiie number of watts is multiplied 
by the number of feet, giving a prcxhict which, for the sake of 
convenieiHHS may be termed “watts-feet”; now two numbers are 
found on the chart which when multiplied togctlier will equal the 
“watts-feet”; the wire size is then found by reading the inter¬ 
section of the imaginary lines corn'si)onding to the two numbers 
on the chart. For e.xami)le, it is desired to find the wire size for a 
load of IT.K) watts at a distance of 20 feet, which requires at 
least 40 feet of wire. The “watts-fwit” value equals 17.50x40, or 
7(),()()0. Then' are several combinations of numbers whose prod¬ 
uct equals the “watts-feet" -■ 200 watts-2,50 feet; ,3.50 watts-200 
fet't; 700 watts-100 fwt; ,500 wutts-140 feet. By reference to the 
chart it is found that No. 8 wire fulfills the requirements for any 
one of the.se conditions, and this size should be used for a 17.50- 
watt load carritsl 20 feet. 

It is im})ossil)le, within the limits of this text book, to discuss 
the lighting of libraries, churches, theatres, government buildings, 
and other monumental structures. However, the same underlying 
princii)les apply as in the case of the simpler and more usual 
problems that huv(^ alri'ady bren discussed. The proper lighting 
of important public buildings requires a combination of these 
principles with a treatment which is artistically correct, a result 
which can only be attained by long study and e.xperience. For 
detailed de.scriptions of such installations the reader is referred to 
the Transactiom of •the lUvminafing Engineering Society. 

PROBLEM 

State (o) the intensity of illumination, (b) the kind of lamp, 
and (c) the type of reflecting wjuipment which you would recom¬ 
mend for the following: 

1. A small office with a dark-beamed ceiling 

2. A high-grade haberdashery 

3. A classroom in a grammar school 

4. A cabinet-making shop 

6. A large foundry having a width of 50 feet and height to 
the crane of 80 feet 
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EXTERIOR LIGHTING 

FLOOD LIGHTING 

Development of System. The appoaraiu-o of stniciurcs bril¬ 
liantly illunnnatt'<l at night from an invisible souns' lias aKva.\'s 
sti'ongly attracted the popular niind. On sptM«ial occasions, 
public buildings, monuments, etc., woixi many years ago liglitcd by 
moans of arc searchlights; but iiuusimich us such lamps n'cjuin' 
constant attention, the application of flood lighting of this kind 
was narrowly limited. The advent of the coik'd-filanu'iit incandes¬ 
cent lamp in 1914 made available a jioint source of light of a 

chaiNK'ter Ix'ltcr suited to 
licrinantuit installations, 
and since that time the use 
of flood lighting has in¬ 
creased with great rajiidity. 

Pro j ectors. 1 ’r< i j cct o rs 
for incandt'seent lamps arc 
of two classes. First, those 
desigiK’d to giv(' a very 
narrow spread of light of 
the utmost beam intensity; 
i.e., .searchlights. Second, 
those intendc'd to give a 
sonu'what broaikr spread 
and to include in this beam 
the largest proportion pos¬ 
sible of the total light flu.\ 
produced by the lamp. For searchlights a parabola having a coinpai'- 
ativcly long focus is found to give most satisfactory n'sults, allhough 
only about one-sixth of the total light from the lamp may 1 m‘ 
incident upon the reflecting surface, and thence proj<‘<‘ted info the 
beam. The reason for this relatively low efiicic'iicy li(>s in the fact 
that the beam candle-power produced by a parabola with a given 
light source at its focus is dependent simply upon the eandlc*- 
power of the source and the area of the reflecting surface; i.e., all 
the projectors shown in Fig. 100 will theoretically produce the 
same end-on candle-power when the light source is spheri'"*' 
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With th(' flatt(‘r that is, longer focais- -parahohi, (liirorenccs between 
the<m‘ti<*al and a(*tual ean(lle-l)<>\ver ineasureinenls, duo to error in 
contour, size of li^>:hl source, etc,, will hv luiniinized; and therefore 
this (‘ontour would onlinarily he chosen for a searchlight. From 
the stand])oint of rtdk'cting a large volume of flux in the general 
dire(*tion d<^sir(‘d, tlu^ det^per reflector, that is, one of short focus 
ft.r a giv<m dianu»t(‘r, is most eflV(*tive, and a <le(‘p refle(‘tor should 
always he S(‘I<‘<'t(‘<l if a narrow h<‘ain is not essential; light which 
does not strike tlu‘ ndlector can scarc(‘Iy enter the beam. Incan- 
desct'ut proj(*(*tors rangt^ from 1(M)1)() to JlOO,()()() beam candle-power. 

Wlum considt*rahIe spread of light has heen desired the pra(‘- 
tic(' has often h<‘(m follow(Hl of putting the lamp out of focus until 
a hole app<‘ars in the h<‘am, as is fr(‘quently seen in the case of 
the autoinohile headlight. (Jeuerally, how(‘ver, a smoother beam 
will he s('curt‘d if the <*ontour of the projector is made to depart 
sufficiently from that of a true ])arai)()Ia to produce the distribu¬ 
tion (h^sired without having to put the lamp out of focus. 

Projection t^urjaevs VmL There aiv throe surfaces generally 
em])Ioy<‘d for light ])roj(‘ction with ineandescent lamps: 

1. SilvtT, of r(*flt‘<*tion approxinmU'ly So p(T ooni 

2. Polish(*(l iiluniiuutn, <*o(‘lhci(»nt. of r<*fl(M*iion {ippioMiuaUiy 02 pc‘r (viit 

a. Ni(ivt‘l plu<(», rotilicuMp. of rciloction ju)pro\iinjit<‘ly 05 por cont. 

Silver platv may bv a|)plk‘tl directly to a metal surface, or 
may be deposittul on a lilass ])laiie and then baclfed with a suit¬ 
able protective <‘<)atin}.. The silven'd-f'lass mirror has a dwided 
aih'antafije o\’t'r all other tyj)es in that it <loes not deteriorate 
when <>xposed to the atmosidiere. However, care must be taken 
to secure a backing which will sneeessl'nlly withstand the tempora- 
tniH^ wIh'U used with a high-wattage ineandescent lamp. 

Silvered metal deteriorates rajjidly when air circulates over it, 
particularly wlmu salt or fumes are present. Nickel and alumi¬ 
num are allVeted h'ss nipidly than silver, and aluminum has tlu' 
addwl ntlvantag(‘ that it can be repolished without rcplating. 
Nevertheless, jthis initial effieieney is low and for all except tem¬ 
porary installations of flood lighting, niirrored-glass refletttors 
should be clnwen. On the other hand, for low-wattage lamps, 
tightly enclosed in automobile headlights, silver-plated metal 
reflectors have been found generally satisfactory. 
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In locating and installing a flood-lighting installation thought 
must not only be given to the effect which will h(' j)ro<luc(*(l the 
first night that the lamps are turned on, hut also to means of 
ensuring that the installation will he niaintaiiusl at a high stand¬ 
ard of efficiency. Carefully designed projectors of good nu*chaui- 
cal construction, Fig. 101, should he selectcsl and the tmits should 
be mounted in such a way that they may hci conveniently cleaned 
and re-lamped. If these considerations are not given (hie weight 
the installation will soon deteriorate to such a point that it might 
better be turned off entirely. 

Rules for Installation. Only g(meral ruh's can b(‘ given for 
installations of flood lighting. The structure chosen should he of 



Fig. 101. PrujoctoiH for Flootl LigUtiug 


good architecture; that is, one which eau afford to hav(‘ its out¬ 
lines thrown into bold relief, and the loeation of units must be 
such as not to distort these outlines. IJuildings are planned for a 
satisfactory appearance under daylight conditions, at which time 
most of the light comes from above. It is usually desirable that 
artificial light should come from the same direction. Many instal¬ 
lations have been successful in which tlie main battery of pro¬ 
jectors has been located at one point and a secondary group so 
placed that their beams tend to lighten the shadows cast by the 
first without obliterating them. 

The intensity of light to bo supplied must be governed by the 
reflection factor of tlie material and the general brightness of the 
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surroundings. Most iiistullatious fall within a range of from 2 to 
20 foot-cundU's, which <-orresponds roughly to J to 5 watts per 
S(juan' fool for Mazda (’ lamps. The jiumher of projectors should 
usually he such as to insure that two or more units bear on every 
I)oint; this will prevent the appearanet^ of a black spot when one 
lamp burns out, and will also tend to give the illuminated surface 
a smoother and more pleasing appearance under all conditions. 

INDUSTRIAL PLANT LIQHTINQ 

Lighting Requirements. Exterior lighting of industrial prop- 
erti(‘s is recpiired i)rin{‘ipally for the following purposes: 

1. 'PIk' illuiniuiUi<in of yard thorougUfun's, approaches, and paasageways. 

2. 'I'lit' identification and handling of malenals stored out of doors. 

3. Tile pn»t<‘<-ti(in of innldings and nuiti'rials against incendiarism, explo¬ 
sion, sabotage, nn<i theft. 

4. The guarding of thi* plant boundark's to exclude unauthorized persons. 

Safety (hmiunds that any art'a which an employe is required 
to traverse tiftt-r thirk he lighted adequately. Owing to insuffi¬ 
cient attention to thest* spiuvs in the past, the accident toll has 
been exceedingly high Jis eomptirwl with other parts of the plant 
used for eorrespoiuling p<‘ri<)ds. The requirements are more 
severe than in the usual street lighting, inasmuch as in emerging 
from a brightly lighted building or passing to another the eye 
does not (piiekly ueeommodate itself to the greatly diminished 
intensity. Fig. Ki) indieati's the range of lighting intensity, 0.05 to 
0.25 foot-eaiulles, usually found desirable for the yard thoroughfares. 

To facilitate' the handling of material in a yard with safety 
and expe'dition, the inatte'r of .shadows must receive careful 
attention; where material is stonsl in high, piles satisfactory light¬ 
ing beeonu's difficult. The illuminants should therefore be 
mounted high or a numlw'r employed to light a given space from 
several directions. When night work is carried on regularly in 
the yar<l over a eonsi<lerable period, the intensity of illumination 
should be as high as for similar operations in interiors. Where the 
light is required only occasionally, a lower standard will sufl&ce. 

Light is the most important auxiliary of the armed guard. 
The amount of light to be used for the protection of buildings and 
materials depends upon the importance of the property, the likeli- 
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hood of attack or theft, aiul the number of ji^uards; the mor(‘ 
generously light is employed, the smalhT tlie for<‘e r(‘<iuirt*d for 
patrolling the ju'operty. For $1000 per year as many as twenty 
r)00-\vatt units can be operated all night ev(‘ry night. In otluu* 
words, the cost of adequately illuminating a, strip of land 200 f<‘(‘t 
wide and one-half mile long is no more than that of employing om^ 
additional night watchman. To be ell‘e<*tive the lighting system 
must be comprehensive. The safe way is to allow no dark 
spa<‘es or corners anywhere abo\it tlu^ propindy. Com¬ 
plete protection deman<ls lighting of th(‘ boundari(\s (s(^(‘ 
Fig. 102) so that no unauthorized [u'rson can <‘nt<‘r the 
plant without being observe<l and at time's of strik<'s it, 
is frequently necessary to swe('p any adja(‘ent ojk'h 
fields and ai)proa<‘hes with light. In i)n)teetive lighting 
especially, it must bo remembered that an obj<'t*t is 
seen in detail by the light whi<‘h (‘omes from it, to tlu' 
eye and not by the light that comes from the light 
source to tlic eye. The aim, tlu'ndbn', is to throw the 
light u])on the object to be s<'cn au<l to have as 
as possible of the light coming din'C’t from tlu* south' 
to the eye. An object is often disc*ov(*r(Ml, ho\v(*v<'r, in 
silhouette, that is, by nioaus of light couiing to tlu' 
observer, not from the object, but from a, lo(*ation 
beyond it. It is a recognized advantage' in military 
practice for a sentry to arrange if possible to !inv(' any 
intruder between himself and the sky, wlu'u illumination 
is deficient, before the challongci is giv(‘n. In artificial 
lighting, any moderately illnminate'd an^a siu'li as the 
area beneath units or an illuminated hMUM' or Iniilding 
takes the place of the sky as a bac’kground. Illuminatiou as a 
means of protection, both at the boundaries of a ])lant and within 
the yards, was insistently urged by tlic Military lutclligonce duritig 
the war. The greatly increased application of light in this man¬ 
ner serves to show that adequate lighting of the yards is fre¬ 
quently profitable from a general-utility standpoint alone. Thc' 
electrical energy required with modern incandescent-lamp equip¬ 
ments for general illumination of yards is of the order of 0.02 to 
0.1 of a watt per square foot. 
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Types of Equipment. TyjK's of equipment which find applica¬ 
tion in exterior lishtinj? about an industrial plant are the following; 

rdloaiors 

Radially <‘iuun(‘k‘(UsU*{‘l rt'flootors 

Rriwiimt ia-ri'l'nicMor fixtunss 
Anjj,l(*-typt‘, ona,m(‘I<'tl-si(M‘l rofl(‘ci()r« 

Klootl-lijrhtiufi, projt'ctoi’H 

In soltvtinf^ any of the (‘quipinonts for outdoor service one should 
ho (»aroful to soouro wolhoonstructod, woatlierproof fixtures. 

Donte'^Tiipr Rcjlvvfor, The dome-type reUeetor was discussed 
in Part II. These rofle(*lors are suited for use on brackets or 
mast arms at1a(‘hed to buildin^i^s or ])oles distributed through the 
yard. The effieieiuw of the units is liigli; they deliver about 75 
per <*ent of the light from the lamp below the horizontal. They 
give ex(‘ell(mt i)rot<‘etion from glans as compared with other out¬ 
door-lighting imitSt and their (‘ost is low. Except in the case of 
units of lOO-watts or l(\ss, which may he installed as low as 15 
feet above tlu‘ ground, the mounting height should not be less 
than IS feet. Higher susi)ensioii will further im])r()ve conditions 
for vision. A d<‘gn‘(‘ of uniformity sa.tisfa(*tory for general yard or 
roadway illumination will be s(‘eured if the spacing between the 
dome units (lo(‘S not (‘xeeed four times their mounting lieiglit. 

RadhtUif Fhiirtl Rrjlrclor, Jn the radially fluted dome reflector, 
whose clli(*ien(‘y is like the dome type, the major part of the 
n^fleeting surface is essentially horizontal and the dome section at 
the <‘ent(*r allows the lamp to he drawn up so liigli that the rays 
from the filament strike the fluhnl surface at an angle so acute 
that a largt' pc‘r(*entage of the light is reflected si)ccularly and 
dir(‘(*f(^d at tin* Iiigh<‘r angles. Be(‘aiise of this wide distribution 
the units may he mountcHl at spacings up to six times the height 
of the lamps al)ove tlu^ ground. The lamp filament is of course 
not shi(‘ld('<l from the eye with these relk^ctors and it is therefore 
particularly important that even the small sizes of lamps be 
mounted not less tluin 15 feet above the ground, and that the 
height of sizes above 100 watts be 20 feet or more. Radially 
fluted reflectors are available without the central dome part; their 
use in this form is not to be reeornmendc<l, however, because the 
lamp filament must necessarily be placed at a considerably greater 
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distance below the fluted reflecting snrfa<‘<% and the light thend'on' 
less effectively redirected. The dome ra<lially (luted units are in 
general also to be preferred to the llat-(*one refle(*tors shown in 
Fig. (58. 

Primatic Reflector, The prisnuitie-refraetor fixtures Fig. lOii, 
gives the widest distribution of all the ecpiipments for ext<ndor us<s 
and protects the eye from glare better than d(K\s tlu^ radial- 
wave unit. The angle at which the maximum <‘a.n<lie-power is 
directed <lepends upon the position of the filament and Ikmkv of 
the fixture socket with reference to the nd'raetor. For yards tlu^ 
fixtures should be ordered wdth tlio socket in a i)osition su(*h that- 
the maximum candle-power will be delivered at h^a-st 15 degnvs 
below the horizontal. The intensity near the horizontal is then 
greatly reduced and the glare is not exet'ssive^ R(‘fnu‘t()r units 
should be mounted 20 feet or more above' the ground and s])a('ed 
not more than 8 times their lieight. 

Anglc-^Type Reflector. The angle type of enanu'led-steel reffe<‘- 
tor is used for spaces between buiklings too^ wid(' to be lighti'd 
adequately from dome reflectors on brac*kets at the stru<‘tur('s 
or for open spaces before buildings wlu'nj it is n('(*(‘ssary to 
avoid setting poles. Such units should in general be mountinl 25 
feet or more above the ground ajid the spacing b('twe(‘U units on a 
building face should be within tw’‘o to thn'c tinu's their mounting 
height. Angle reflectors deliver from (SO to (55 per (‘ont. of tlu' 
light from the lamp below the horizontal. 

The four types of equiimients discussed above must be distrib¬ 
uted at moderate spacings on su])ports ndativc'ly lU'ar the an'a to 
be illuminated. This distribution of units results in the marked 
advantage that at a given point, light is usually re(*('iv<'d from 
several lamps and from diflerent angles, thus obviating dangerous 
shadows and minimizing the effect of tlu^ outage of an individual 
lamp. The equipments are efficient and their cost is relatively 
low. To mount the fixtures, however, it is sometimes nec^essary 
to erect additional poles or other supports and to extend the 
lighting circuits. 

Flood-Type Projectors. With flood-lighting projectors, the light 
is confined within relatively narrow angles; the beams are of 
high candle-power, and the light may be projected to a given 
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area at a distance. Equipments may be mounted at a few favor¬ 
able points, often on existing circuits. Tims the cost of additional 
poles and wiring may sometimes be saved, but this advantage is 
usually more than offset by the relatively high cost of the pro¬ 
jectors themselves and the somewhat lower utilization of light 
flux. This is particularly likely to be the case if a suiBScient 
number of lamps are installed at different points about an area to 
eliminate long, sharp shadows. Furthermore, it is difficult to 
arrange flood lamps so that objectional glare will not at times be 
experienced, nullifying much of the value of the light. Neverthe¬ 
less, when they can be (*arefully located and mounted high on 
pole brackets, platforms, or roofs of buildings, excellent illumination 
may often be secured. Flood-lamps are particularly valuable for 
providing light quickly in an emergency, supplementing regular 
systems, and temporarily reinforcing the intensity at certain points. 
They fill a great need in illuminating locations where no wiring 
can be carried or no supi)orts spaced for other types of fixtures. 

For general application about an industrial plant, flood¬ 
lighting units of medium beam-spread, from 15 to 30 degrees, are 
most often suitable. The desirable beam-spread under given con¬ 
ditions obviously depends upon the area to be illuminated and the 
distance of the projector from this surface. Flood lighting from 
one direction only should if possible be avoided when there are 
any materials or obstructions to cast shadows, for these will of 
necessity be long, sharp, and dark. However, if flood-lighting 
lamps can be mounted on two or more sides of a space excellent 
illumination will frequently result. In general the units should be 
mounted on buildings, platforms, or bracket arms at least 30 feet 
al)ovo the ground. A mounting height of 40, 50, or even GO feet 
is usually preferred. Flood lamps of high candle-power and narrow 
angle on building roofs or elevated platforms serve to light long 
api)roaches to a plant or to sweep open fields and water fronts. 

STREET LIGHTING 

Different from Interior Lighting. The design of a street¬ 
lighting system, at the present time, has little in common with 
interior-lighting practice. The intensities which here prevail are 
of a decidedly lower order of magnitude; variations of illumi- 
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nation on the street surface in the ratio of 100 io 1» are the 
general rule, and even the types of lamps used and tiu* methods 
of supplying them with energy are radi(‘ally dillVrcmt from thos<‘ 
used in interior lighting. The explanation of tins situation lies in 
the fact that in street lighting the areas to b<' (‘ovtu'ed are vast 
and the funds usually considered available for the purpose piti¬ 
fully small. A single office space 50X100 h'ot will fr(‘([U(uitly be 
supplied with more lamps and a greatcT wattag(^ than thre(' or 
four miles of a principal thoroughfare in the same city. 

For many years, then, the task of the stre<‘t-lighting expeut 
has been principally that of so distributing an iusuOuaent amount 
of light as to produce the greatest practi(*able ellect. An excerp¬ 
tion to this rule is found in the best busiiurss districts where high- 
intensity, or ‘'white-way,” lighting is j)roi)erly eousidc'red as an 
expenditure for advertising to be met either by tlu' city itscrlf or 
by the local merchants. Ordinarily, however, this high-iutensity sys¬ 
tem covers but a small fraction of the total street mihrage of a (‘ity. 

For ornamental systems, standards should usually he spaecMl 
from 65 to 100 feet apart, opposite each otluT on both sides of the 
street, and the light source should be at least 12 fec^t, ])rtrf(rrably 
15 feet or more, above the pavement. For this service singk' 
light standards, of which Figs. 43 and 107 are <‘xampl(‘s, arc fur 
more efficient than cluster lights as wh‘ 11 as more pleasing in 
appearance. Either high candle-power magnetite arc*, or Mazda- 
lamps may be used. 

Requirements of Utilitarian Street Lighting. following 
discussion of the requirements of utilitarian strevt lightiug, that 
is, lighting of residence streets and thoroughfares, is abstnuled 
from an article on this subject by Mr. J. II, (Vavath.* 


STREET LIGHTING FOR SMALL (TTIES AND TOWNS 


Before lifchting cim be intelligontly plann(‘<l it is n(*(*(‘HHary lo havci a 
clear idea of just what is to bo aecomplisluwl by the lighting. Whil<^ t.h(‘, g(‘XUTal 
objects can be stated in a few words, an analysis of thc'sci soon l(»ads one into a 
rather complicated situation which can be only bri<*fly revi(‘W(Hl in this articles 

Stated in vc^ry general and popular terms, the objtK^.ts of lighting Ht.rtH^s 
can be siuumed up as follows: 

1. In all classes of streets the least that,can bo oxpoctc^d of street lighting 
is t.o enable a pewon to sec his way about at night, 

*Eleciricul WorUU Ht'pt. 3, 1017. 
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2. On sonic classes of streets the production of an especially wcll-Hghtcd 
effect, either on account of congested traffic or because of the ornamental and 
advertising features, is desired in addition to the first objects named. 

On a large majority of streets lighting for purposes of seeing, without much 
regard to produemg enough light for advertising or ornamental effect, is all that 
can bo expected. Even on such streets, however, there will naturally bo some 
difference in the severity of the requirements. The more traffic on a street the 
greater is the amount of outlay just-ified for street lighting and the greater is the 
necessity for safeguarding users of the si,root from collisions and attack. 

As to the things it is especially necessary to see on a street at night in order 
to sec one’s way about, one might elaborate at length and in groat detail, but to 
mention a few of the principal ones will suHice. For both pedestrians and drivers 
irregularity's and obstructions of the street surface must be seen. Likewise, 
oth('r persons using the street must be seen in order to avoid collision. The value 
of street lighting in pnwentmg erimo is probably about in proportion to the 
quantity of such lighting. On some of our worst-lighted streets it is of little value, 
while on the most brightly lighted down! own streets conditions as to crime pre¬ 
vention arc virtually cciuivalent to daylight. 

Technically the object of street lighting is to produce a certain amount of 
brightness on street surfaces and ui)on users of the street. In the daytime there 
is such a superabundance of light that the distribution of brightness on strci't 
surfaces and various objects noctl not be analyzed very closely; but whore th(‘ 
amount of artificial light must be as meager as it is in a majority of streets in small 
cities a much closer analysis is needed. 

DISTINCTION BETWEEN INCIDENT ILLUMINATION AND SUKFACE 

BRIGHTNESS 

The distinction between the illumination incich'iit, upon a surface (such as 
a pavement, sidewalk, tree, vehicle, or person) and the surface biightiK'ss of such 
objects must always be kept in mind. It is brightness ihat we sc'e, tluit produces 
the effect on the eye. The illunimation on a surface produces ilu' brightness we 
sec, but it does this only by virtue of the light refl('(;t('d from the surface. That, 
is, the brightness is always proportional to the incident, illununation minus the 
loss by absorption. 8mco the rc'floi'tiiig power of various surfaces differs greatly, 
their bright.nc'ss under a givi'n illuiiiination differs in like jiroport-ion. 

Between a v(‘ry new macadam or concTi'to surfac'c and black mud th{n*e 
may easily be a difference of ten to one in diffuse rc'fh'cting powi'r. To producer 
equal brightness, therefore, the illumination would have to bo ten times greater 
on the black mud than on the light macadam, and the unfortunate thing about, 
t,his is that* there is usually less money available to illuminates the mud t.han to 
illuminate t.hci macadam. By daylight a considerable iiortion of our seeing is by 
virt,uc of th(i different color and refle^cting powiT of various surfaiios, although 
diff(*ronces in illuminat ion, commonly known as light and shade effeed*, also have 
their intluence*. At night, with street lighting, difference's in illumination from 
different directions causing light anel shade have a much groatc^r (^ffcct. 

SILHOUETTE EFFECT 

How important they arei was probably not realized until 1910, when Preston 
S. Millar pointed out that a considerable portion of our seeing on the streets at 
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nij>ht is by virt.uc of tho Hilhoiu'iio 'Huit is, av<‘ S(‘(* iiuiny uprif^hi <)l)j(‘(*ts, 

such as persons and automobiles, at. a dist{m(*(‘ not so inu<‘h by th(' hglit 
from them as by the lif>:ht baekgrotind a#*;n.inst \vlu(‘h tia^y appivir as Hilhoui*tt(‘s. 
This is especially true in lar^e cit.i(‘S \vh(‘re t.h(' bac’kjjjround eonsists almost, 
entirely of pavement, sidmvalks, and buildmas, whieh an* bi‘tt('r r<‘fl('etors and 
consequently appear bright.er tlian vehicles and p<‘rsons in (lurk (dot hiuji;. Kiji;, 10;i, 
taken from Mr. Millar’s original papcT bidon^ tlu‘ Hluminatiug KngiiuMTing 
Society dealing with silhouette effect, shows the latt.(‘r v(‘ry (d<*nrly. 

On dirt streets or wIutc oiling has nwh^n'd the pav(Mn(‘ut. a. v<‘ry dark <*olor 
tho effect is not so pronouiu^ed. Howev('r, <w('n oil(‘d str<‘(‘ts, if so w(dl t.raveh'd 
by automobih's as to take on a kind of glint or polish, ndk^ct (‘onsid(*rabl(^ light by 
what is known as specular reflection in distinction to dilTiisc^ reflet?ti<m. Specular 



Fig, 103. Cab Is Scon by Silhmicito KfTcct While More Distant lA'utarcs Arc by 
Direct lllimumitiou 

reflection is tho saino as that whhdi tak(»s pla(^(‘ from a mirror. It. mak(*s tluw* 
oil-polishod street surfaces appear quite bright at. c(‘r(.aiu angk^s. 

If the background is not brighter than the object., tlu^ only wu.y lh(* obj(*(‘t 
can bo seen is by having sufficient illumination upon it t,o mak(^ it (‘nough bright(‘r 
than its background to bo recognized. Sometimes the same obj(‘e.t is s<*(*u partly 
by silhouette and partly by illumination upon it, as in t-hc cas(^ wlu‘re part of 
the object is seen against a bright background and part against a dark ba<^k- 
grouncl. Tho bearing of these silhouette and illumination (dfi'Cts on t.h<* spacing 
and equipment of st-rcet lamps is taken up later. 

Road obstructions, such as stones and bricks, for examph^, may be soon 
either by illumination or silhoiu^tte, but arc usually rexsognised fully as much by 
tho shadows they cast, as by any reflection from their own surfact^s. Holes and 
depressions in sidewalks and pavemdnts are usually also recognized by shadows, 
except when close under a street lamp. 
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EFFECT OF SHADOWS 

The National Electric Light Association committee on street lighting for 
1914 made some elaborate experiments on a street m New York City to determine 
the merits of various lamp spacings and mounting heights and various types of 
light distribution from the lamp Considerable attention was given to tests in 
which a number of observers were required to locate obstructions or targets 
placed in the street as they walked or drove along. The principal result of this 
investigation showed that obstructions such as stones m the street could bo better 
seen with lamps so spaced as to give some shadows behind these obstructions than 
with the lamps placed at such frequent intervals and so equipped as to produce a 
more uniform illumination with loss pronounced shadows. In all of these experi¬ 
ments, however, the lamp spacing was relatively short as compared with common 
practice in smaller cities. As uniformity of illumination comes high in first cost 
on account of the largo number of lamps and lamp supports required per mile of 
street, there is no great danger that streets will be lighted too uniformly for best 
results in the smaller cities. 

Seeing by glint effect is a i.erm used among ('iigmeers to apply to effects 
obtained when surfaces are wet or where they are highly polished so that there is 



specular reflection from small jiortions of them On rainy nights glint from the 
wet sidewalks and pavements takes the place of the partially diffuse reflection 
ordinarily received. Many images are then seen of the street lamp reflected from 
the wet pavement and pools of water. Glint is also especially useful in locating 
mudpuddles with the aid of rather distant street lamps 

In connection with seeing by silhouette, the value of this effect is in many 
cases greatly increased by the fact that there is just enough glint or specular 
r('flcction from the paving or sidewalk for the illumination at points midway 
between street lamps to produce much greater brightness in the direction of the 
(*ye than if tlu^ whoki of the street were a purely diffuse reflecting surface. 

Referring t.o the diagram of Fig. 104,/ is a street lamp 10 feet (3 m.) above 
th(‘ ground and g is tlui (*y(' of an observer. What is the brightness of the street 
surface at points a and c to the oIisctvct? Wc will assnuK' first that the street 
HurfaiJO is a new, white, dusty macadam which will approach a diffuse reflector in 
its chara(5toristics. Now a diffuse reflector will appear equally bright from all 
directions, no matter from what direction illummatcHl. Consequently the bright¬ 
ness at various points along the street will always be directly jiroportional to the 
illumination. Thus, at point a if the lamp is of 100 c-p., the illumination will be 
100 c-p, divided by 100 (whi(‘b is the square of the distance), or 1 foot-candle 
(10.08 lumens per sq. m.). At point c, assuming that the lamp emits 100 c-p. in 
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that direction alKO, and that the distance* / to e is 100 fo<‘t. (I^O.'IS in.), tlu‘ illu- 
nunation on the street surface at c will be by tin* same i>ro<*(*ss of li|j;unn^»: 0,01 
foot-caiulle (0.108 liiinen pt‘r sq. in.) niultiplit»d by the cosine* of the an^!,le or 
in othe*r words by the ratio of 10 feet (3 in.) he*i^;ht to 100 f(*(*t (80.‘1S m.) distance*, 
thus making the ae*.tiial horizontal illuininatieni a,t c O.OI foot-(‘a n< lie* inultiplit*d 
by 0 I or O.OOl foot-candle (0,0108 Iuine*n pe*r sep in.). The* illuininatious an<l 
brightne\ss would therefore be in the ratio of 1 at the* point a to 0.001 at the* 
point c. Evidently with a,n objend. betw(*eu the^ e*ye* anel point^ c as a background 
there, could be ve*ry ht.tle silhouette e‘lTe*e*t, while be*t.we‘(*n the* e*ye‘ and peiint 
there would be eiousi(U*rable. 

If, he)W('Vi*r, the st.ri'e*t surface is gle)sse*d with oil eir moisture, the* e*harjic1(*r 
of reflection from it is c*ntir<‘ly change*d. Inst(*ad e>f app(*aring (‘({ually bright, in 
all dircedaons about any given illmmnat(*tl spot, it will app(‘ar ve*ry mu(‘Ii brighte*!* 
wh(*n vicnve*d from an angle (*qual to the angle of iu(‘i(i(‘nt light.. (^onsidt*!* t he* light 
which falls on ])oiut c from the lamp at/and is r(*n(*ct<*d to the* eye* at (f. If 
angles d and e are* (*qua.l, and if point c w<*re a mirror, the* brightne*ss (*iite*ring 
the eye from point a would lx* i)raeti(‘a,lly the brightn(*ss of (lu* soures* of light 
at /. If the. point c is a pu*ce of glossy oiled str(‘(*t surface*, it. will not be*havt* 
exactly like a mirror, nor will it act as a dilTuse* re(l<*ctor, but its tu*tion will be* 
intermediate between the twe). It will ai>pe‘ar ve*ry mue*h brighte*r wh(*n vie‘we‘d 
from a direction approximat.mg c(f than freiin e)the‘r angle's. 'Fhe* point, n, on the* 
other hanel, will a^ipear conside'rably less bright than if it W(‘re* a elilTuse* r(*fit‘e'te>r. 
This tends to counteract the eneirmous dilT(*re'ne*e* in illurninatiem falling upe)n 
these two points. The pract.ical e*fTect of this as hrexight eiut- )>y Millar in variems 
tests is that even on an asphalt street whiedi de)e*H imt ha-ve* the* peilish e*t)mme)n te> 
heavy automobile trallic the brightness varie*d emly a,t. the* nitu> of 2.7 tei 1 with 
lamps 200 fe(*t (70 25 in.) apart, whilei the* he)rizonla.l illumination varie'd Ibrty 
to one. Hero again it may be notexl that the polishing e)f a str(*(*t ])a,ve‘m(*nt, due* 
to heavy tradic of any kiuel is more cemdii(*ive tei umfeirmity e)f ]>rightm*ss in spite* 
of the non-uniformity of illuinmatiem than are the couelitious pr<*vailing in the* 
smaller cities. Howewr, these i)e)int.s must be* r(*e*.e>guize*el in all classe's e>f stre*e‘t- 
lighting problems It should be\ renu'mbe'reel in eonsid(*ring the* illumination and 
values cited in Fig. 104 that no alle)wance is inaele* for any illuminatieiu that may 
be obtained on point c freun anoth(‘r lamp pla(*(*d at the* back of the* obse*rve‘r, 

RELATIVE VALUES OF HORIZONTAL AND VERTIOAL 
ILLUMINATION 

There has always bexm (‘.onsielerable* diseuissiein in stre'e^t-light ing cir(*le‘H as 
to tlie relative value of ve'rtical as against horizemtal illurninatiem fe»r Htre*(‘t- 
lightmg purposes. It is now generally rcc()gnii5e*d that, both the horizontal illumi- 
natiein ein the stre'ot. surface and the* vt*rt.i(*al illuminatiein em ve‘rtical e)bje*etH such 
as pede'striauH and vc*hicle*s must be taken into aex’emnt.. The* re*Iative* wt*ight 
give'n t.e) the'se two in making up a good stree't-lighting Hyst.(*m will eh'pend very 
mue‘h on the^ (4iaract(*r eif the strexei surface. Thei impeirt.anex* of the sillume'tte* 
e*lT(*ct has alrexidy b(‘(*n e'ulargcd upon. It is e*vid(‘nt that in prexlu(*ing Hilhouette 
e*lTect, illumination eif the strex't surface is the^ important thing, llowcvt*r, if tlm 
street surftu'e is so dark that it is difncult to get a we'll-iUuminated background, 
eme^ must fall back upon vertical illumination of objects. It is largely a waste 
e)f time te) discuss the* relative importance of vortical and horizontal illumination, 
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because with any practicable mounting heights of lamps the illumination midway 
between lamps giving vertical illumination will be approximately a constant 
ratio to the horizontal illumination, and no amount of practicable shifting of 
lamp height and spacing is likely to change this constant enough to have much 
practical bearing on the subject under discussion at this time. 

LAMP SPACING 

We have scon that variations in intensity of illumination falling on the 
street surface from points immediately under lamps to points midway between 
arc necessarily very largo even with the most skillful use of appliances for direct¬ 
ing the light of the lamp in directions where it is most needed. The figures given 
in connection with Fig. 104, already explained, where there is shown a variation 
of a thousand to one within 100 feet (30.48 m.) for the horizontal illumination, 
illustrate this forcibly. However, with more frequent spacing and by figuring 
in the effect of neighboring lamps these differences are rapidly reduced. For 
brightly lighted city streets a variation of ten to one between lamps at points on 
the street surface is not likely to be noted. Where lamps are as frequently spaced 
as on business streets the question of improving the uniformity of illumination 
does not offer itself. This applies to the present-day common spacing of orna¬ 
mental systems, which are from 60 feet to 150 feet (18.29 m. to 45.72 m.). With 
special care this distan(‘e can be exceeded and still produce satisfactory uniformity, 
although the ornamental effect may not be what is desired. In outlying streets 
where first cost tempts the designer to space lamps at long intervals the poorly 
illuminated spaces midway b(d.ween lamps come in for first consideration. On 
such streets chief interest centiTs on the points of minimum illumination between 
lamps. Any! lung and oviTything which will bring up this minimum between 
lamps IS desirable if it can be obtained for a reasonable outlay. With a given 
lamp equipini'iit the illumination midway between lamps will fall off approxi- 
mat(‘ly mversidy to the sipiare of the distance. That is, doubling the distance 
between lam])s reduec's the minimum illumination to onc-fourth. Add to this the 
fact that the longer the interval b(‘tween lamps the less is the amount of brightly 
lighted background acainst which things can be seen by silhouette effect and 
difficult ii‘S are furth(‘r increased. Lampspacings of 600 feet to 1000 feet (182 SS m 
to 301 8 m ), which in y(‘ais past have been so common among smaller cities, are 
entirc'ly iuad(‘ciuate and inefficient. Furthermore, under modern conditions they 
are unnecessary from the economy standpoint. 

AVOIDANCE OF GLARE 

Th(' avoidance of glare has long been recognized among exports as desirable 
in st.r(Hd.-light.mg pract.ii^e, because it has been known that the existence of glare 
from lamps near the line of vision caus(‘s a decrease in the seeing ability of the eye 
— or, in otluT words, in the visibility of objects—so that to all practical intents 
and i)urpos(‘s mort^ light is rc'quircd on objects in order to si'o them clearly than if 
th(‘, source of glare were removed. Quantitative investlgatiion of this subject has 
l)i‘en inadi' at (‘onsidcTable length by A. J. Sweel., some of whose results have been 
<di(‘<d«Ml by Privst,on H. Millar. All of these results show that there is considerable 
disturbam^e of vision wh(*n a bright lamp is brought within 15 angular degrees of 
the c(*nti('r hue of vision. As the effect of glare incroas(‘S rapidly as the lamp is 
brought nearer to the center lino of vision, especially within 0 to 8 degrees, there 
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is considerable to be gained in efFicieney of illuinination as in(‘nKtinHl from 1h(‘ 
ocular standpoint by hanging the lamp as liigh, and e()ns(*<|uently as far out. of 
the ordinary line of vision, as possible. While no v(‘ry <'xaet. ligun^s can hi* given, 
it may be said m a general way that unn(*et‘ssanly low hanging of lamps may oft.en 
be the equivalent of throwing away ha.lf of ilie light. geu<‘rat<‘d heeause of tlie 
depressing effect on vision of objent-s whi<*h must lx* .sinm past, a bright str<*(*t. 
himp. The use or non-use of a dilTusing glohi* in a, lamp apparently has very 
little effect on thi^ glare, the glari* e^Te<^t bi*mg <lt‘p(‘n<lent upon tiu* (•andlt‘-powi‘r; 
or, to be more exact, it depends, ae<‘or(liug to the b<‘st. information obtainable, 
upon the square root of the oandk'-pmvi*!' of tlu* lamp usixl as emit.tiMl in thi* 
direction of the (*ye. The only fi‘asi|)le r(*m<’<ly for str(‘(*t."Iighting glan* yet. 
evolved is the increase m niountmg ii(*ight of t.he lamps, and this is w(*ll worth 
while, especially in the range from 10 f(‘('t to 15 fiH‘t m, t.o *1.5 m.), Aec<»rding 
to Sweet’s investigation, if the glare otTei't be tukiai as 1 at. a height, of re(*t. 
(0.7 m.), it becomes about 1.0 at a h<‘ight of 22 fei^t (0.7 m.), about at a height 
of 16 feet (4.8 m.), 4.3 at. 15 feet (4.5 m ), and X.4 a.t 12 tVet (3.0 m.), 

Interfcr(*n(‘.e with strc*i‘t lighting by shatk* tri*i*s is a very live* Hubj<*et. in t.hi* 
majority of cities, and especially in tlu* smalli'r citi<»H and t.owns uixler considera¬ 
tion. While the majority of such towns have many shaili* tr(‘eH, t.]i(*n* is <‘onsid- 
crablo differeneo in t.he proper method of tr(‘atmirnt.. In somi* Htre(*tH tlu* t.reivs 
are very large and permit of trimming high to pn*vent. int.(*rf(‘r(*nc(* with light ing. 
In other places the trees arc of an age wdieri* t.rimming high <*nough t.o prev<‘nt. 
interference with the light,ing is out of tlu* question. When* the tr(*(*s are too 
small to admit of high trimming, center-lamp suspiaision will usually he neci^hsarv 
to prev<‘nt undue shadows. In such a Htre(*t no loc,a.t.ionH ean he found (‘xc(*pt. in 
tho center which will not involve considerahk* ohst.ru(*tion of the light, hy shade 
trees. On the other hand, wh(*ro the tr(‘<‘H wry largi^ so that. th(*y (*au he 
trimmed high to form a high arch over t.he stre(*t the principal trouble with 
shadows is not from thii boughs and leav(*s hut from tlu* largi* trunks, whi<‘li 
standing in line along tho parkway form an (‘lT<*<‘iivi^ light, ha,rri(‘r for tlu* sidewalk. 
On such streets the location of lamps in line with one of the row of tna* trunks 
permits tho complete lighting of tho roadway and of tlu^ sidi^walk on tlu* sidoou 
which tho lamp is locat.od, and causes light to shiiu* through the row of trunks on 
the opposite side of the street at an angle sulliciently ohliijuc^ to piTinit tlie lo(*a- 
tion of the sidewalk always to bo seen, and the area of tlu*. Hid<‘walk in tlu* shallow 
is reduced to a minimum. 

Importance of the Various Factors. 'Co sum up Mr. (Vavath’s 
findings, wo must have direct illumination oii tlio surfac^ti of 
the street and tlie sidewalk, which, with tho n'sulting shadows, 
will render irregularities visible. Diroed, light is also lua-essary in 
order to recogniicc the features of a passer-by; that is, to idi'utify 
him as a friend or an enemy. Heavy shiwlows on the other haiui, 
as very tliiek foliage and tree trunks, tend to reduce the effi<!ioney 
of tlic illumination, particularly with resp<'rt to safety from attack. 

Silhouette effect is the greatest aid in discerning large objeefcs 
on the rotul or on the sidewalk. Glint assists in increasing the 
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TABLE XXV 


Important Factors in Street Illumination 

(A indicates sreatest importanco) 


Lar^e Units 

Small Units 

Factor 

Pedestrian 

Slow-Moving 

Vehicles 

Rapidly Mov¬ 
ing Vchioles 


Best 

Direct III. 

A 

A 

c 

Best 


Silhouette 

0 

B 

A 

Best 


Revealing 






shadow 

R 

C 

B 

Good 

Good 

Glint 

n 

D 

B 

Depends on 

Depends on 





height 

heiglit 

Glare 


A 

A 

Usually 


Obscuring 




bad 


shadow 

n 

D 

D 


apparent brilliancy of a specularly reflectin^^j roadway and also 
reveals puddles on the sidewalk. On the other hand, glare from 
brilliant lamps tends to reduce one’s ability to see; or, in other 
words, the effectiveness of the illumination. 

Analysis of Light Sources. At present the only two electrical 
illuminauts to be considered for street lighting are the gas-filled 
tungsten lamp and the luminous- or magnetite-arc lamp. The 
enclosed earbon-arc lain]) is now virtually a matter of history, and 
the flame carbon arc likewise. Magnetite lamps are available in 
sizes ranging from HOO to 500 watts, approximately IlOOO to 9000 
lumens (see 1^11)10 IX), and series incandescent lamps in all sizes 
from 600 to 10,000 lumens (see Table III). The question of 
small units closely spaced versus large units at greater intervals, 
is one on which there has been almost endless discussion. 

Table XXV shows the relative importance of the several 
factors from the standpoint of the pedestrian, the slow-moving 
vehicle, and the rapidly moving v^ehicle. The same table also 
shows the comi)arative rating of systems of large and of small 
lamps with resi)e(*t to <‘ach of these criteria. 

It will be s(^en that, from the staiidjioint of the pedestrian 
and the slow-moving vehi(‘le, those qualities i)ossessed in greatest 
degree by an installation of small units closely spaced are in most 
demand, while the requirements of the aiitoist are more nearly 
met by the use of powerful light sources at necessarily greater 
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intervals. Residence streets art‘ usually frequented uam' hy 
pedestrians and the foliage is likely to he dtaise on tlies(‘ stre(>ts. 
They should therefore be equipjanl with lamps of small or uu'dimn 
candle-power (250 c-p. or less at a spacing of not mon' than 250 
feet and at a height of from 15 to IS feet above the street). On 
the other hand, for principal thoroughfan's an average' spacing 
distance of from 250 to .‘100 feet .should he ehost'ii and tla* largest, 
size of lamp used, up to perhaps lOOt) <‘andIe-power, that the 
appropriation will cover. 

Equipment. The most effe<'tive type of n'fk'cting ('(luipnu'nt 
for either arc or incandescent lamps in strt'('t lighting, esp<'eially 
as regards that large portion of the <'it.y outside of tlu' “whitt'- 
way” district, w'herc questions of economy and ellieieney an' 
paramount, has been the subject of much controversy. 'I'Iu'ih' an* 
today four t3q)es of reflecting ecpiipment in use for strei't lighting, 
and similar results as regards light distribution are ol)tain('d from 
these equipments, whether the arc or an incandesc('nt lamp is used 
as the light soiucc. These four types ar<': 

1. The flat reflector without difCiisiUK globe tl''ig. tiS). 

2. The .same with dilTusing globe (b'lg. 100, at /<). 

3. The prismatic rcfractoi: cnclosiiiK or partially ('iiclosiiig the light source 
(Fig. 106, at 4). 

4. The prismatic refractor withm a globe' of stippled or pebble'll glass, 
which produces a slight breaking-up of parallel rays of light, without greatly 
altering their direction (Pig. 105). 

The general trend of development in tire hinips has ht't'ii 
toward increasing the relative proportion of light Ihix emitted in 
zones near the horizontal, and this trend was marki'illy' ailvaneed 
upon the introduction of the magnetite Itimp in wliieli llie tire 
was held in a fixed po.sition just below a widely di.siribnting 
reflector. The general argument of those favoring tlu' ns<' of 
prismatic refractors has been that such aece.s.sori('s make it possible 
to direct even a greater proportion of the light wliert' it is mo.st 
needed; by means of a refrimtor one. can more thtm double the 
normal candle-power of the lamp and thus iaereaso the intensity 
midway between units, at which point the illumination is usually 
not more than 5 to 10 per cent of the average over the street 
surface. At the same time the intrinsic brilliancy of the refractor 
is considerably less than that of an exposed arc, or lump filament. 
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On the otlier hand, the more conservative who favor the use 
of the old opal-globe fixtures contend that with the refractor dis¬ 
tribution, much of the light fails to reach the road surface and is 
therefore wasted; that the glare from such units seriously interferes 
with vision; tliat street intersections are inadequately lighted; and, 
furthermore, that with refractors there is not sufficient light on 
that portion of the street surface in the immediate vicinity of the 
lamp to insure that vehicles or pedestrians on other parts of the 
roadway may be rendered visible in silhouette against this brighter 
area. The opal globe is not open to these objections in the same 
degree. It is, however, deficient 
in revealing smaller obstacles or 
irregularities in the road surface 
throughout an extended region 
midway between lamps. In these 
darker stretches the pedestrian 
as well as the driver of a vehicle 
proceeds with difficulty and with 
a feeling of insecurity. 

A disadvantage of every 
form of street-lighting unit is 
that in the absence of most rigid 
inspection and maintenance the 
efficiency of the system becomes 
rapidly impaired due to the 
collection of dust and grime. 

The combination of dome 
refractor and stippled globe illus¬ 
trated in Fig. 105 has been developed in an effort to combine in 
one fixture the advantages of both the opal-globe and refractor 
units and to minimise the depreciation in candle-power due to 
dirt. Distribution curves of these three types of units equipped 
with a lOOO-candle-power (10,000 lumens) Mazda C lamp are shown 
in Fig. IOC). It will be noted that at all except the high angles 
the candle-power of the stipplcd-globe unit is considerably greater 
than for the original tj'pe of refractor. While the light is not 
entirely cut off at angles from 85 to 90 degrees, the average 
candle-power is here less than one-half that of the standard 



Fig. 105 Piismatic Rofiactor within Globe of 
ytippled or Pebbled GUihs, which Breaks 
lip Paiullel Rays 
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Eig. 106. CaTidlo-Powor Diatribution of Lajnpn for Htroc't Lighting 
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refractor, and but two-thirds of 
the intensity of the opal-globe 
unit. On the other hand, the 
summation of lumens from 0 to 
GO degrees is actually greater for 
the stippled-globe fixture than 
for the opal globe, and conse¬ 
quently a higher intensity at the 
intersection and a brighter area 
beneath the unit for silhouetting 
are provided. An additional 
feature of this t;\pe of fixture is 
the fact that it can be made 
practically air-tight. 

Street*Lighting Systems. In 
the past, street lamps have usually 
been operated from series cir¬ 
cuits, the principal reasons being: 

First, the arc lam]) is niheiently 
a constant-cuireiit ihwice and j^ivos 
its b<‘st operation and j 2 ,i(‘ateHt eOl- 
(!i(‘ncy on series rat,her than on mul¬ 
tiple circuits. 

Second, the s(‘ri(‘s circuit is the 
simplest and most efficient method of 
supplying energy i,o (‘oniiiarat.ively 
small units scattered ov('r wide areas; 
in many cases electric street lighting 
antedated the genend use of electricity 
in ri'sidencos by a consiiUrable period. 

Third, a s(‘parat,(‘ sysUnu of dis¬ 
tribution has furnish <‘d the only 
satisfa,ct,ory m(‘anK of automatically 
lighting and (‘xthiguishing stri‘<‘t lamps 
from th(' c,(‘ntra,l station 

At the pn^seut time, when 
multiple incandescent Iam])s are 
available at a. very high (dficic^ncy, 
and when a multiple system of 
distribution is found in almost 
every locality, there is but one 
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valid reason for the duplica.tion of a distriUntion system, and tliat 
is the convenience of turning lamps on and off. If sonu‘ form of 
remote control switch for individual lamps w<‘r(^ available^ and 
could be utilized simply and inexpensively, th(' h'^j^itimab^ fu*ld of 
the series circuit would be closely limitiMl. lM(‘amvlul(s ev('ry 
effort is being put forth to simplify and r(Hlue<‘ tlu^ amount, of 
apparatus required for su(‘h cinaiits. S<‘V(M’al at.tmnpts with vary¬ 
ing success have been made to eliminate the moving-t^oil type of 
transformer or regulator, but as yet no su(*h systi'in has ri*e(‘iv(Ml 
tlie full approval of the mamifa<*turers of tlu' lamps with which 
they must be used. A preferable plan is that of (‘onstnuding tlu^ 
moving-coil transformer in such a mann<M» that it <*an b(‘ mount(‘d 
out-doors on a pole at any convenient hxvition, <*onn(*(‘t(Ml to tlu^ 
220()-volt power mains and operated by a tinu^ or rtanoti^ control 
switch. Often it is convenient to utilize su(*h transformers for tlu' 
extension of street-lighting service and to comu‘ct dir(*(‘tly in 
series with the lamps of the nearest stre(‘t-lighting (•ircuit t!u‘ 
remote control switches which operate t.luan. Su<‘h a plan is 
especially advantageous in extended systems, as it ofltm a\’oids 
the use of several miles of wire, which would otherwis<^ bt^ r('(jnirt‘(I 
between the nearest lamp of the new circuit ami tla^ sub-station. 

PHOTOMETERS 

Lummer-Brodhun Photometer. In addition to tlu^ Bimstm 
screen described in Chapter 1, there arc* s(‘V('ral otlu'r forms of 
photometers, the most important of which is tlx* LmnnuT-Brodhun. 
The essential feature of this instrument is tlx* opti(*al train 
which serves to bring into contrast the portions of tlx* screxm 
illuminated by the two sources of light. Uederring to Fig. lOS, tlx* 
screen S is an opaque scTeen whi(‘li reflec^ts the light fidling upon 
it from L, to the mirror J/, when it is again rcfl(‘(*t(‘<l to the pair 
of glass prisms B, The surfa(*es are gromxl to fit jicrfectly at 
ST and any light falling on this surface will pass through the 
prisms. Light falling on the surface ar or hs will lx* reflected us 
shown by the arrows. Wc see thou tliat the light from L which 
falls on ar and hs is reflected to the eyepiece or telescope 1\ 
while that falling on sr is transmitted to and absorbed by the 
black interior of the containing box. Likewise, the light from tlie 
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screen L\ is reflected by the screen My to the pair of prisms A, B. 
The rays falling on the surface sr pass through to the telescope 
T, while the rays falling on ar and hs are reflected and absorbed 
by the black lining of the case. The field of light, as then viewed 
through the telescdpe, appears as a disc of light produced by the 
screen Ly, surrounded by an annular ring of light produced by L. 
When the illumination on the two sides of the screen is the same, 
the disk and ring appear alike and the dividing circle disappears. 



In using this screen it is mounted the same as the Bunsen 
screen, and readings are taken in the same manner. The screen 
and prisms are arranged so that they can be reversed readily and 
two readings should always be taken to compensate for any 
inequalities in the sides of the screen and the reflecting surfaces, a 
mean of the two readings servhig as the true reading. This form 
of sctcen is used when especially accurate comparisons are required. 

A complete photometer with a Lummer-Brodhun screen is 
shown in Pig. 109, and a Bunsen screen and sight boX are shown in 
Fig. 110. In 1%. 109, the lamps are shaded by means of curtains so 
as to leave only a small opening toward the screen. If the lights 
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are properly screened, photometric meaKuroiuents may he imuh' in 
rooms having light-colored walla. 



Mg. 109* Complete Photometer with Lummor-Brodhun Screen 


Weber Photometer. As an example of a good portable type, 
the Weber photometer is shown in Pig. 111. This photometer is 
very compact and is especially adapted to measuring intensity of 
illummation as well as the value of light sources; it may be used 
for exploring the illumination of rooms or the lighting of streets. 
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This apparatus consists o£ a tube A, Fig. 112, which is 
mounted horizontally and contains a circular opal glass plate /, 
which is movable by means of a rack and pinion. To this screen 



is attached an index finger which moves over a scale attached to 
the outside of the tube. A lamp L, eitlier incandescent or oil, is 
mounted at the end of this tube. At right angles to the tube A 



Fig. Ill, Webor Portablo Photometer 


is mounted the tube E which contains an eyepiece at 0, a Lummer- 
Brodhun contrast prism at 'p, and a support for opal or colored 
glass plates at 
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Operaiim. The tube B ia turned toward the source of liKht 
to be measured, the distance from the light to the screen at (/ 
being noted. The light from this source is diffused by the scrc(‘ii 
at g, while that from the standard is diffused by the s<‘r('en /. 
By moving the screen /, the light falling on either side of the 
prism p can be equalized. The value of the unknown sour(‘c can 
be determined from the reading of the scre(‘n /, tl>c i)lu)toiucter 
having previously been calibrated by means of a standard lamp in 



Fig. 112. Diagram of Wcb(*i Photometer 


place of the one to be measured. The calibration may be plotted 
in the form of a curve or it may.be denoted by a coiustaut 
when we have the formula 



C corresponds to a particular plate at g; I ia distance of screen / 
from the benzine lamp; and L is distance from the screen g to the 
light source being measured. Screens of different densities may be 
used at g depending on the strength of the light source. 

When used for measuring illumination, a white screen is used 
in connection with this photometer. The screen is mounted in 
front of the opening at g, and turned so that it is illuminated by 
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the source being considered. Readings of the screen f are taken as 
before. A calibration curve is plotted for the instrument, using a 
known light source at a known distance from the white screen 
when the instrument is mounted in a dark room. 

Portable Photometers. There is a large variety of portable 
photometers available which give more or less satisfactory results. 
An instrument especially designed with a view to portability and 
to overcoming some of the defects of other instruments on the 
market is the ^TniversaP' photometer, more commonly known as 
the ^'Sharp-Millar^^ photometer from the names of its inventors. 
Views of this instrument are shown in Figs. 113 and 114. It is 
adapted to the measurement of the intensity of light sources as 
well as to the illumination at any point, as is the Weber photom¬ 
eter. The photometer screen or photometric device is shown at 
B, and consists of a 
special form of Lummer- 
Brodhun optical screen. 

A standardized incandes¬ 
cent lamp C is used as 
the photometric stand¬ 
ard and this may be 
connected to a battery, 
or be adapted to use on Sharp-Millar Photometer 

the mains supplying, the lamps in the room where measurements 
are to be taken. All stray light is carefully screened from the 
interior of the box by a series of screens G, The instrument 
scale is calibrated in foot-candles and in candle-powers. 

When illumination is to be measured, a specially selected 
translucent screen is placed at A and the illumination of this 
plate, which is placed at the point and in the plane where the 
value of the illumination is desired, is.reflected to the photometric 
device by the mirror at II. A second plate K is mounted so as 
to be illuminated by the stand^Lrd lamp and the photometer is 
balanced by making the illumination of A and K the same. 
When the intensity of a light source is to be determined, the 
screen at A is replaced by a small aperture and a diffusing surface 
I is put in place of the mirror H. The illumination of I is now 
-compared with the illumination of K, and when the two are 
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made equal, the photometer reiwls the eandk'-power of the Iija;ht 
source, or some multiple of this eaiull<‘-po\v<'r. 'l’h<* raiif'e of this 
instrument is increased by the use of suitably arranged absorbing 
screens which may be readily inserted or remov(‘d, and, as ordi¬ 
narily equipped, the range in foot-candles is ai)proxiinately from 
.004 to 2000. The variety of uses which cun be made of such a. 
photometer is large, and .some idea of its portability can Ix' 
obtained from the dimensions of the box, 24*'Xl4'Xr>'', and its 
weight, fully equipped, of 8 pounds. 

Macbeth llluminometer. This consists of thr<'e main parts 
and various accessories, all contained in a <'onveni<'nt leatlu'r 



Fig. 114. Sectional View of ISharp-Millar Phoitiint^lor 


carrying case measuring 10"Xl7"X(»r' and weighing, complete, 
14 pounds, with all parts in place excepting the balt(‘ry. Tin* 
battery may weigh from l| to 4 pounds, depending upon the kind 
and size of cells used. 

The three main parts are the illuininonieter, tlu‘ controller, 
and the reference standard. 

The illumiuometer is shown in Fig. 11.5. A Luimner-Urodhun 
cube is mounted .in the rcctanguliur head. By removing the head 
from the tube and then taking out two screws the cube may be 
removed for cleaning. It is quite easily replaced, it being impos¬ 
sible to return it to a wrong position. The photometric field is 
viewed through the telescope. The aperture opposite the tele¬ 
scope is aimed or pointed toward the test plate, or any surface the 
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brightness of which is to be measured. In the tube, which is 9 
mches long by If inches in diameter, is a diaphragmed carriage 
within which is mounted an electric incandescent lamp, the work¬ 
ing standard. The lamp carriage is moved up and down in the 
tube by means of a substantial rack and pinion operating upon a 
square brass rod to which the carriage is fastened. This rod is 
seen projecting from the bottom of the tube. Fig. 115. On one 
side of the rod to which the lamp carriage is attached is engraved 
the direct reading scale calibrated from 1 to 25 foot-candles. The 
illuminometer weighs 20 ounces. 

The second unit of the equipment, the controller, is supplied 
with a shoulder strap for convenience of operation and observation 
when in use. The controller comprises the battery for operating 



the lamps, a Weston mil-ammeter, two close-regulating rheostats, 
one for the working standard and one for the reference standard 
lamp, hereafter called the reference standard, and a double¬ 
throw switch, by means of which the mil-ammeter may be brought 
into either the working-standard circuit or the reference-standard 
circuit. 

In the third element, or reference standard, is presented an 
innovation in illumuiometer design. A cross-section is shown in 
Fig. 116. By the use of the reference standard the illuminom- 
eter may be checked up at any time or place, without a dark 
room and an auxiliary photometric apparatus, and also without 
the inconvenience and expense of laboratory-standardized working- 
standard lamps. The ease of frequent calibration permits the use 
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of working-standard lamps at a very much liiglu'r ('fTK'it'iwy than 
before, thus securing better color of liglit and considerably reduc¬ 
ing the current demand and conswjuont battery capa<‘ity. 

The elimination of the personal factor which is always present 
with illuminometers staiulardized by others is of considerable 
importance. In the Macbeth Ilhuninometer each operator stand- 
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ardizes the illuminomcter against a known illumination intensity 
and thus compensates for the personal difference of various pho¬ 
tometric observers. 

The reference .standard consists of a hanR’ood housing in 
which is mounted a standardized lamp, fully protected with 
diaphragm screens. The interior parts, after .standardization, can 
be effectively sealed. The lamp used is seasoned and is run at 
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such low efficiency and for such short times as to insure the 
greatest possible constancy. 

In use the standard is placed upon the test plate so that the 
plate is illuminated by the standardized lamp through the open¬ 
ing below the lamp. Before it leaves the factory the lamp 
is so seasoned and calibrated that when a current of the value 
given in the accompanying certificate is passed through the lamp 
there will be a definite intensity of illumination upon the test 
plate. The illuminometer may then be calibrated by placing the 
sighting aperture in the hole marked D and adjusting the current 
through the working standard. 

Flicker Photometer. The flicker photometer is used for the 
comparison of different-colored lights, the basis for comparison 
being that each light, though different in color, shall produce light 
sensations equally intense for the purpose of distinguishing out¬ 
lines. It consists, in one form, of an arrangement by means of 
which a sectored disk is rotated in front of each light source, 
these disks being so arranged that the light from one source is 
cut off while the other falls on the screen and, vice versa, any 
form of screen being used for making the comparison. The disks 
must be revolved at such a rate that the light, viewed from the 
opposite side, will appear continuous. When the illumination of 
the two sides of the screen, under these conditions, is not the 
same, there will be a perceptible flicker and the screen should be 
so adjusted that this flicker disappears. The value of the light 
source can then be calculated from the screen reading in the 
usual manner. Another device consists of the use of a special 
lens mounted in front of a wedge-shaped screen, the lens being 
(‘onstriictcd so as to reverse the image of the two sides of the 
scTcen, as viewed by the eye, when such lens is in front of the 
scToen. The lens is so mounted that it can be oscillated rapidly 
in front of the screen, giving the same result as would be obtained 
w(nv it possible to reverse the screen at such a rapid rate as to 
cause the illumination on the two sides to appear continuous. 
''File setting of this screen is accomi)lishod as with the more 
simple forms. 

Still another flicker photometer, the Simmance-Abady, makes 
use of a rotating wheel. This wheel is made of a white material 
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having a diffusing surface and its tnlgc is so bovclod that during 
part of a revolution a surface illuminated by one <»f the light 
sources is viewed tlmough the eyepiece of the iustrunient au<l, 



Fig, 117. MfttthowH Intograting Pliotoiaoti^r 


during the other part of the revolution, a surface viewed by the 
second light source is observed. The flicker occasioned by this 
change disappears when the screen is brought to a point where 
it is equally illuminated by the two light sources. 
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By the use of such forms of photometers, it is found that 
results with differept-colored lights can be obtained which are 
comparable with results obtained with lights of the same color. 

Integrating Photometers. Matthews. This photometer is used 
to some extent and a very good idea of its construction can be 
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Fig 118 Rosscau Diagram foi Lamp 

S ^ 

with Bowl Reflector 


obtained from Fig. 117. By means of a system of mirrors, the 
light given by the lamp in several directions may be integrated 
and thrown on the photometer screen for comparison w;ith the 
standard, the result giving the mean spherical candle-power from 
one reading. By covering all but one pair of screens, the light 
given in any one direction is easily determined. 

Rousseau Diagram. The Rousseau diagram may be used for 
determining the mean spherical candle-power of a lamp when its 
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vertical-distribution curve is known. Fig. 118 shows such a 
diagram made up for a lamp with a bow'l reflector. Wlu'ro tin* 
horizontal-distribution curve of the lamp is not uniform, the values 
for the vertical-distribution cur\'e should be taktm with th(^ lamp 
rotating so as to give average values at each angh'. Oiu'-half of 
the distribution curve is drawn to scale A and a circle li is drawn 
with the source of light 0 as a center. Radii (■ are drawn at 
equal angles about the light source and <'xt(‘nded until they 
intersect the circle B. The points of intersi'ction of these lines 
with the circle are projeett'd upon the straight line DK. Dis¬ 
tances from this line are laid off on the verticals F e<iual to the 
distances from the center of the circle to the ])oints when.' the 
corresponding radii cut the distribution curve. The art'a enclosed 
between the straight line BE and a curve <lrawn through the 
points just determined, GH, divided by the base line, is ctpial to 
the mean spherical candle-power of the lamj). If the nu'an <‘andl<‘- 
power of the lamp within a certain angle is desin'd, it is only 
necessary to find the area of the diagram within the spa<‘(' indi¬ 
cated by that angle and divided by the corresponding base. 
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ELECTRIC LIGHTING OF 
TRAINS* 


GENERAL PRINCIPLES 

Introduction. This text gives to tlie reader a general working 
idea of the train-lighting problem and a knowledge of the systems 
employed in this country. It is intended to give train-lighting 
electricians a general idea of the troubles encountered with such 
equipments and the cause of these difficulties. It presupposes a 
working knowledge of electric generators, electrical circuits, and 
storage batteries. 

Early Applications. The problem of railway train lighting is 
not a new one. One of the earliest applications of the incandes¬ 
cent lamp and the storage battery was to train lighting, but the 
lamps were inefficient and the equipment was bulky and costly. 
As early as 1881 Camille A. Faure, the inventor of the pasted 
storage-battery plate, was granted a patent by the French Govern¬ 
ment on a combination including a generator driven by a belt 
from a car axle, regulating means for the generator, a storage bat¬ 
tery charged by the generator, and incandescent lamps furnished 
with current from the generator or the battery or both. The 
same system was granted United States letters patent on March 
20, 1888. The introduction of tlie tungsten lamp increased the 
efficiency of the system and reduced its cost and size to such an 
extent that in the last ten years train lighting by electricity has 
become the standard method. 

The advantages resulting from the application of electricity to 
railway-coach illumination are obvious. However, as they are also 
important, they are enumerated as follows: 

1. The horrors attending any railway wreck are in them¬ 
selves bad enough, but when oil or gas lamps are in use, the 

* The author wishes to thank the different companies whoso equipments are described 
in the following pages for the use of illustrations furnished by them: also Mr. D N Balderston, 
fif the axle lighting department of the Electro Dynamic Company and Mr. George E. Hulse, 
of the Safety Car Heat and‘Light Company for detail information. The author wishes to express 
his appreciation to Mr. V. J. Kelly and Mr. W. V Benson, chief electricians, U. Sf N„ for their 
assistance in checking the manuscript and in preparing the illustrations. 
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additional terror of a fire and even of an explosion exists. In the 
case of a vreck neither fire nor explosion can result from the use 
of electricity as the illuminant. 

2. When gas is used as a source of illumination, an unpleas¬ 
ant odor results if the gas is blown out and not promptly relighted. 

3. The air in any crowded coach is at the best none too 
pleasant. Oil and gas lamps further vitiate the atmosphere; elec¬ 
tric lamps do not. 

4. The degree of illumination obtained from a few groups of 
oil or gas burners is not uniform and is very unsatisfactory at 
points midway between the sources of light. The oil and gas 
burners are so large that they cannot be well distributed on side 
walls, nor can they be used at all for berth lights. Electric light 
can be uniformly distributed and may be located in any conven¬ 
ient position. 

5. The labor entfiSled in filling oil lamps and replacing the 
wicks and in cleaning dirty globes on both oil and giis lamps is 
considerable. This is entirely eliminated if electric illumination is 
employed. 

6. Esthetic considerations are Tnot to be overlooked. The 
more sightly arrangement of electric-light globes and their fixtures 
has largely helped in improving the interior appearance of coaches. 

7. The application of electric lighting in railway coaches has 
been accompanied by the introduction of the companion of the 
mcandescent lamp, the electric fan, which adds considerably to the 
comfort of the traveler. 

Regulation of Generator. The problem of train lighting is 
principally one of generator control and regulation, with auxiliary 
devices to prevent the generator from being connected to the bat¬ 
tery when its voltage is such that the battery will discharge into 
the generator; and of means to maintain constant lamp brilliancy 
independent of train speed or state of battery charge. 

The regulation of the generator characteristic is in almost all 
cases accomplished by varying the field current, or strength of 
field, substantially in inverse ratio to the speed; in general, this- 
is termed field regulation. There is another method of gepcpatcT, 
control, and this is by variation in belt tension, in which case-the 
generator operates at a constant output. 


218 



ELECTRIC LIGHTING OF TRAINS 


3 


The field control methods of generator regulation are of five 
general types: 

Constant-potential regulation 
Constant-current regulation 
Modified constant-current regulation 
Current regulation followed by voltage regulation 
Current regulation followed by voltage regulation through ampere- 
hour meter control 

The theoretical circuit for a typical axle light equipment in 
which the generator, the battery, and the lamps are connected 
directly across the two lines is shown in Fig. 1. When the gen¬ 




erator is to maintain constant voltage or constant current as the 
train speed varies or the state of battery charge changes, it is 
necessary to introduce in the field circuit, as at R, a variable 
resistance, which may have its value altered to maintain the 
desired voltage or current independent of the speed or other change. 

Condmd-Poiential Regidaiwn. If the regulation of the gen¬ 
erator is to be toward constant voltage, then the apparatus which 
controls the variable resistance R must be connected so that it 
responds to changes in the voltage of the system. This regulating 
device in its simplest form comprises a solenoid with its winding 
connected across the line as though it were a voltmeter. The 
core of the solenoid G, Fig. 2, carries a lever arm L, which is 
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pivoted at its center; acting in the opposite direction to the 
solenoid is a spring G; the lever arm has a stud which bears upon 
a carbon pile P which is in series with the field circuit. If tlu' 
voltage of the system tends to rise, owing to increased speed of 
the train, then the upward pull of the solenoid overcomes that of 
the spr in g 0 , and the stud moves away from the carbon pile so as 
to decrease the pressure on it. Decrease in pressure increases the 
resistance of the carbon pile, and the current through the shunt 
field of the generator is decreased in value. This is follow«l by a 
decrease in the generator voltage, which tends to bring about a 
balance between the pulls of the solenoid and the si)ring, this 
balance existing when the generator voltage is again at its proper 
value. If the generator voltage falls, owing to a decrease in gen¬ 
erator speed, then the spring tension exc*eeds the pull of the 
solenoid, and tire carbon pile is compressed. This reduces the 



resistance of the shunt-field circuit, and the current through it 
rises, thus increasing the voltage. This sequence will continue until 
a balance again obtains between spring tension and solenoid pull. 

Instead of using the simple form of solenoid varying the pres¬ 
sure on a carbon pile, the solenoid may be provide<l with a ro(‘k- 
ing segment which bears on different points of a grid resistanc-e 
and thus varies the field current; or the solenoid may, as in some 
of the earlier forms, operate contacts which change the polarity of 
the fields of a small regulating motor which moves a contact arm 
over a circular arrangement of resistance units. This combination 
is shown in Fig. 3. 

Constard-Current Regulation. If the generator equipment- is 
designed to charge the battery at a constant current, the solenoid 
coil is placed in the battery circuit just as though it were an 
ammeter. The tension of the spring and the pull of the solenoid 
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are so adjusted that, with the predetermined current, a balance 
obtains. This arrangement is illustrated in Fig. 4. If the speed 
of the train increases and the current of the battery thereby tends 
to rise, the pull of the solenoid exceeds that of the spring, and the 
pressure on the carbon pile is reduced. This increases the resist¬ 
ance of the generator field circuit and reduces the generator volt¬ 
age and current, which diminish until a balance obtains between 
the solenoid pull and the spring tension. This condition exists 
when the predetermined current is flowing. Constant-current sys¬ 
tems have a voltage which varies with the state of battery charge, 
hence a regulator for lamp voltage is needed. A constant-voltage 
system which is sufficiently practical to keep the batteries charged 
also requires a lamp regulator. Such a device may comprise a 
shunt solenoid connected across the lamp load, its core varying the 



pressure on carbon blocks in series with the lamps and thus con¬ 
trolling the voltage at the lamps, as shown in Fig 4, at LK 

Instead of the solenoid controlling a carbon pile, it may be 
arranged with a curved segment which rocks back and forth over a 
grid resistance and varies the field current as necessary; or, as in 
tlie earlier form, the solenoid may control the contacts of a small 
motor field or armature to change the direction of rotation of the 
motor and thereby have a contact arm mounted on the motor 
shaft, increasing or decreasing the field resistance as necessary. 

Modified Constant-Current Regulation. Sometimes, instead of 
charging the battery at a constant current, it is desired to limit 
the generator to a constant-current output; then, instead of con¬ 
necting the regulator winding in the battery circuit, it is connected 
so that current taken by the battery and all other translating 
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devices, the lamps, fans, etc., will pass through the reguliiting 
coil. Such an arrangement is shown in Fig. 5 and is omj)loyed in 
connection with what is known as a constant-output equipment. 

Sometimes it is desired to have tlie current flow to the bat¬ 
tery modified slightly by the voltage of the battery. As a storage 
battery charges, its voltage rises, and to maintain a constant flow 
to the battery it becomes necessary to increase the voltage of the 
generator. If anything occurs to hold back the rise of the gen¬ 
erator voltage as the battery voltage rises, then the rate of charge* 
of the battery is diminished. The rate of charge of a battc'ry may 
be modified therefore, if the solenoid is provided with a d()ul)Ie 
■winding, namely, a series coil carrying the battery current and a 
voltage coil acted upon by the battery voltage. As the battery 
voltage rises, the pull of the shunt coil will increase, and this, 
combined with the pull of the current coil, overcomes that of the 
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Fig. 5. Generator Connected for Constant-Current Output 

balancing spring, and the pressure on the carbon pile is slightly 
reduced until a new balance obtains at a lower current valiu). 
This construction, dependent upon the relative value of the series- 
coU and the voltage-coil ampere turns, may produce a moderate or 
a very marked decrease in generator current as the battery 
approaches full charge. The pull on the solenoid core always 
requires the same number of ampere turns, therefore if the voltage- 
coil ampere turns rise, owing to increased battery voltage, the 
equivalent number is deducted from the series-coil ampere turns, 
which means less current to the battery. This construction. Fig. (5, 
is used in the modified constant-current method of charging and 
also in the modified constant-potential method of charging; the 
sole difference is that in the one case the number of series 
ampere turns is rather large, whereas in 'the second case the 
series ampere turns are relatively fewer. 
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Current Regulation Followed by Voltage Regulation, The 
storage-battery problem is primarily one of maintenance. If a 
battery is continually charged at the same rate of current (whether 
it is in a discharged or fully charged state), the life of the positive 
plates of the battery will be considerably shortened and excessive 
evaporation of electrolyte is bound to occur. Moreover, operating 
a battery with low electrolyte reduces its capacity and exposes the 
plates to the air, which injures the negative plates. Therefore 
constant-current charge is objectionable. 

When a substantially discharged storage battery is charged at 
a constant potential the flow of the current into the battery is at 
a very high rate; when the battery approaches a full charge, the 
flow into the battery is reduced by the rising battery voltage. 
This would be satisfactory if the battery were always operated 



Pxg 6. Generator Provided with Regulator Having Current and Voltage Coils 


at the same temperature or were always in a healthy condition. 
Experience, liowever, shows that a lead cell with a charging cur¬ 
rent at the eight-hour rate may, at a normal temperature of 
25°C. (77°F.), reach full charge with a voltage of 2.5 volts per 
cell, whereas at 5°C. (41°F.) it may require 2.75 volts per cell to 
fully charge it at the eight-hour rate. Lower temperatures require 
a still higher voltage. Thus an adjustment of the constant- 
potential system which will suffice to properly charge a storage 
battery at a normal temperature may fail to charge it at a low 
temperature, with the result that the battery lias not enough 
charge to meet the lighting demands if the train stands still for a 
long period. ’Such a condition may lead to a sulphatcd battery 
which, in turn, requires a higher diarging voltage than a healthy 
one, and, therefore, the constant-potential system fails. 
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The recognition of these conditions as early as 1898 led to the 
development of an axle-driven train-lighting system, wherein the 
generator charged the battery at a substantially constant current, 
independent of the train speed or battery conditions, until tlie 
battery voltage reached a predetermined value. This voltage, 
with the rate of battery charge, represented a substantially 
charged battery, whereupon a voltage-regulating coil of dominating 
influence was made active to reduce the generator output to 
such a value that the battery could not be injured by overcharge. 
Such a system of generator regulation is shown in Fig. 7, wherein 
D is the generator, B the battery, F the shimt-field coil, and R 
the regulator. The regulator is provided with two windings I and 
C, always in circuit, and a third winding P, made effective by a 
voltage relay V, the voltage relay being actuated by the battery 
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Fig 7. Early Modified Constant-Current System with Voltage Stop-Charge Relay and Coil 

voltage. As the generator in this early system was of limited 
capacity, the relay V was ineffective when lamps were burning, 
switch h being closed and a being open. If lamps were not burn- 
ing, then switch a was closed, and when the battery voltage 
reached the predetermined amount of about 2.4 volts per cell, tlie 
relay attracted its armature and connected the coil P to the cir¬ 
cuit, and the pull of coil P, added to that of C and /, lifted the 
regulator core, thus increasing the field resistance. The regulator 
core in this case moved inside a well which was made up of 
alternate insulating strips and conducting members, the latter 
being connected to resistance units. As the core was lifted out of 
the well, the mercury contained therein fell to a lower level and 
thereby increased the resistance in the field circuit. If the current 
output fell below the desired value, the solenoid core then fell 
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lower into the well and raised the mercury level, thereby short- 
circuiting resistance units. 

The principle of this early regulator* has been modified in vari¬ 
ous ways, as will be described in the discussion of some of the 
more modem systems. 

Regulation by Ampere-Hour Meter. The statement has just 
been made that voltage in itself may not be a proper indication of 
the state of battery charge; this may be considered a criticism of 
the method of stop charge just described. A battery depends 
upon chemical change to restore it to a charged condition; a cer¬ 
tain number of ampere hours must be put back into the battery 
to produce the necessary chemical change for recharge. If, there¬ 
fore, an ampere-hour meter is placed in the battery circuit pre¬ 
venting the energizing of the voltage relay V, Fig. 7, until a 



sufficient number of ampere hours have been put into the battery 
presumably to recharge it, an additional factor tending to lengthen 
battery life is provided. Such an arrangement is shown diagram- 
matically in Fig. 8.t Various systems of train lighting now used 
employ such ampere-hour meter control as an added element of 
battery protection. 

There are vtirious corporations in this country which have 
built train-lighting systems based on some one of the principles 
described. The train-lighting industry, however, up to the present 
has not been a very profitable venture, so that many companies 
formerly engaged therein have gone out of existence, although the 
devices manufactured by them are still encountered. There are, 

♦ Dick Austrian System, B. P. 8179, 1898* 
t Kennedy Patent, March, 1912. 
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however, six or seven standard systems of train lighting used to a 
greater or lesser degree in present service, and tlicse will be con¬ 
sidered in the following pages. 

TYPICAL TRAIN=LIQHTINQ SYSTEMS 

CONSOLIDATED RAILWAY ELECTRIC LIQHTINQ AND 
EQUIPMENT SYSTEM 

Characteristics of System. The Consolidated Railway Elec¬ 
tric Lighting and Equipment Company has two general methods 
of control in use today; one was brought out in 1903 and has 



Fig. 9, Typical “Axle light” Dynamo 
Courier of Electro Dynamic Company, Bayonne^ Nm Jersey 


been widely adopted; the other dates from about 1909 and is 
gradually replacing the earlier method. In the first system a 
Kennedy regulator regulates the generator for a constant current; 
while in the second system a type L regulator regulates the gen¬ 
erator so that it furnishes a slightly modified current until the bat¬ 
tery is substantially charged, when the ampere-hour meter operates 
and the voltage coil reduces the output of the generator to a volt¬ 
age slightly above that of a fully charged normal battery. 

Rating. The equipments made by tliis company are of 2 and . 
4 'kilowatts capacity, and they may be operated at 30, 40, or 80 
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volts. They are furnished for ears using either 24-, 30-, or 60-volt 
lamps and with battery equipments of twelve, sixteen, or thirty- 
two lead cells or twenty, twenty-five, or fifty Edison cells. 

Generator. The generator employed by this company is of 
the interpole type. It is shown with covers off in Fig. 9. The 
use of the interpolc allows the brushes to have a fixed position 
independent of the direction of rotation, so that no brush-rocking 
mechanism is necessary to give the brushes proper position for 
sparkless conmmtation when the direction of rotation of the gen- 



Pift. 10. Pole Changer 

erator is changed. Since the generator is used to charge a storage 
battery, the supply of current must not change in direction, 
whether the car be traveling forward or backward, necessitating 
some means to correct the polarity of the generator terminals. 

Pole Changer. The pole changer is of the mechanical type 
and is mounted within the generator housing at the commutator 
end of the machine, Fig. 9. This pole changer, is in effect a 
doubki-pole double-throw snap switch, which is actuated by tire 
engagement of a lever pin with an external cam, the latter being 
rotated by a worm wheel engaging a worm on the end of the 
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armature shaft. The cam has a spiral groove ^ inch deep across 
its face for about one-half of its periphery, Fig. 10. Each end of 
the groove terminates in a slot, gradually rising to the plain sur¬ 
face of the cam. This slot is 90 degrees to the cam axis. It will 
be seen that when the cam starts rotating in a direction opposite 



to that just preceding, the pin on the lever will gradually enter 
the receding slot and, as it touches the side of the spiral groove, 
it will cause the lever to move through an arc the cord of which 
is the distance between the centers of the slots. Fig. 10. At the 
end of the spiral groove the pin will rise as it traverses the ascend- 
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ing slot and will continue to ride at that end of the cam as long as 
the machine does not change its direction of rotation. At each 
revolution of the cam the pin will drop idly into the end slot and 
ride freely to the surface again. lipon a reversal of rotation the 
operation of the cam and lever is reversed. The lever is also pro¬ 
vided with a spring ratchet which operates at each end of the 
cam spiral groove to cause the lever to travel approximately ^V 
inch farther and thereby relieve wear and friction between the pin 
and the sides of the ascending slots. 

As the pivot point of this lever is integral with the pivot of 
the blades of the switch, the latter will always travel through 
the same angle as the lever. This angle is sufficient to throw the 
blades from one contact to another, which corresponds to the 
reversal of polarity of the generator due to change in rotation. 
The electrical circuit connection showing how this reversal is 
accomplished is given in Fig. 11. This illustration also shows 
that the machine employed has four poles and two interpoles to 
secure sparkless commutation. The position of the pole-changing 
switch and the polarities of the armature are shown for counter¬ 
clockwise rotation; if the direction of rotation reverses, the polar¬ 
ity of the armature likewise reverses, but as soon as the direction 
of rotation changes, the switch S is moved through a counter¬ 
clockwise angle so that the lead P will always be connected to the 
plus terminal of the battery and the lead N always connected to 
the negative terminal. 

Suspension. The generator suspension employed by the Con¬ 
solidated Company is of the two-point swinging type, consisting of 
forgings extending from the truck end. From these forgings are 
suspended vertical members supporting a cradle upon which the 
generator rests. A novel feature of the suspension is the tension 
device employed, there being an abutment, riveted to the end sill 
of the truck, again.st which the tension spring bears. The usual 
handle nut projects beyond the suspension for the convenience of 
tlie inspector in adjusting the belt tension. 

Electrical Circuits. Three leads are carried from the generator: 
one of these, the negative, is common to the battery and the 
lamps; the positive passes through the automatic switch and series¬ 
regulating coil before it reaches the battery and through the lamp- 
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regulating resistance before it reaches the lamps; the other lead is 
the positive of the shiint field and passes through the field fuse, 
the field-regulator resistance, and the generator field before it 
reaches the negative terminal of the pole-changing switch. This 
general scheme of connection is common to all “(’onsolidated” 
generators. 

Kennedy Regulator. The Kennedy regulator is one of the 
earliest forms of constant-current regulators still in use. It is 
designed, on the one hand, to maintain the generator cuiTcnt con¬ 
stant at any predetermined value between 20 and 80 amperes 



Fig. 12 Kennedy Regulator with Covers Removed 

after the generator has reached 20 miles per hour; on the other 
hand, the regulator acts on the lamp circuit to keep the voltage of 
the lamps substantially constant, independently of the state of 
battery charge or lamp load; in fact, it will maintain this voltage, 
plus or minus one volt, whether the current is supplied from the 
generator or from the storage battery unless the latter is in a 
badly discharged condition. • < 

The regulator is contained in a metal case and, when the 
covers are removed, has the appearance of Fig. 12. At either end 
of the case are the resistance units. At the left is shown an elec- 
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tromagnct E, which is shunt wound caiid operates on the lamp- 
circuit resistance; at the right is a series-wound electromagnet Ei 
operating on the field-circuit rheostat. The lamp-voltage regulation 
and the charging-current regulation are both of the step-by-step 
method. The operation is described in the following paragraphs. 
The circuit connections of a Kennedy regulator are given in 
Fig. Ki; D represents the generator; F, its field coil; and M, the 
small regulator motor supplied with current from the generator or 
battery; aS, the storage battery which is to be charged by the 
generator; L\ L% and I/, the lamps to be supplied with current 
from the generator or the battery or both; a hand-operated 
switch in the hun]) circuit; /i, a rheostat in tlie lamp circuit, the 
control brush of whicli is given the ste|)-by-step motion by action 
of electromagnet E; the automatic switch used to cut in the 
generator or to disconnect it as it reaches the critical speed; R\ a 
rheostat in the field circuit of the generator; and the electro¬ 
magnet operating on R\ The automatic switch AS is provided 
with two windings, one a shunt and the other a series winding. 
The shunt winding is connected across the generator terminals so 
as to be acted upon l)y the generator voltage. This winding is 
wound upon two soft-iron cores mounted upon a pivoted arm; 
above these two shunt coils are placed two iron cores with an iron 
bridge joining them, these being fixed in position. When the 
voltagCuof the generator reaches its critical value, about 2.1 volts 
per cell of battery employed, the magnetism pr6duccd by the 
shunt winding becomes strong enough for the lifting effect to 
overcome gravity, and the shunt coil with its lever arm is raised 
so that the (.‘ircuit is closed between the generator and the battery 
at the contact Q; then, as the generator si)ecd increases, the cur¬ 
rent flows through the winding of KS through the series winding 
of the automatic swuteh across contact Q, and by the wire d 
to the plus side of the battery. The scries winding of the auto¬ 
matic switch is such that when the current flows from the genera¬ 
tor to the battery its magnetising effect is in the same direction as 
that of the shunt winding, and therefore the automatic switch is 
held closed more firmly. However, if the current flows from the 
battery to the generator, the magnetizing effect of the series 
winding opposes that of the shunt coil, and the holding effect of 


231 










ELECTRIC LIGHTING OP TRAINS 


17 


the magnet as a whole is decreased, so that the switch falls open 
and disconnects the battery from the generator, leaving the gen¬ 
erator out of the system until the generator voltage is sufficiently 
high to close the automatic switch again. 

A plan of the regulator witli the cover removed is shown in 
Fig. 14, and Fig. 15 is a section through the regulator, giving a 
view of the lamp regulator magnet E, its armature a, lever 11, and 
lamp-circuit resistance R. The small motor M, Fig. 14, drives the 
shaft 6‘ through the worm 4 and gear 5. At each end of shaft 6 
are two cams. The lamp-end ciun S, Fig. 15, revolves between 
two rollers, 15 and 15a. These rollers are integral with lever 11, 
which supports armature a and is pivoted at point w. On the 
opposite end the lever 11 carries a double-pointed pawl. The 
points of this pawl engage ratchet-wheels 10 and 10a, which in 
turn rotate shaft .9, carrying the contact arm, or sweep, across the 
bars of resistance in the lamp circuit. The pull of electromagnet 
E is opposed by main tension spring 18 and balancing tension 
spring 1(1. Upon armature a is a projection 20, which moves 
vertically between stops 21. 

Upon spring U> is a small round bar, which rests on stops 21 
and only opposes the projection 20 when armature a is drawn by 
the pull of the magnet E above tlie central or balancing point, in 
which position it is shown in Fig. 15. When a few lamps are 
turned off or the battery voltage commences to rise, owing to 
ehargifig, the coil, or magnet, E responds to the increased voltage 
and attracts armature a which at the proper time permits roller 
15a on lever / / to rise into the hollow of the cam and at the same 
time causes a sufficient lowering of pawl point 12 to engage one 
tooth of ratchet wheel 10. As cam 8 is rotating in a clockwdse 
dire(;ti()n, the high point of the ciun will force the roller 15a 
downward and pawl point 12 upward. 

The pawl point, now engaging a ratchet-wheel tooth, will 
rotate shaft .9 and the resistance sweep in a counterclockwise direc¬ 
tion, thereby cutting resistance into the lamp circuit and tending 
to reduce its voltage and weaken magnet E. As the point 8a in 
the cam forces the roller 15a downward, the top roller 15 enters 
the flat portion 8b of the cam, but as 8b passes the roller 16, it 
raises the latter slightly, thereby lowering pawl point 12 sufficiently 
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to permit the spring H to again bring the pawl into its neutral 
position. It will be seen from this that if it were not for tlie 



Fig. 14. Plan of Kennedy Regidator 
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continues until the pull of magnet E is balanced by springs 16 
and 18. 

If the coil at magnet E is weakened by reduction in either 
battery or lamp voltage, spring 18 (not 16) will at the proper 
time force roller 1/) into the hollow of the cam, thereby raising 



Fig. 15. Section through Kennedy llegulator 


pawl point 12a s^o that it engages a tooth in ratchet wheel 10a; 
and as the rotation of the cam forces roller 16 upward and pawl 
point 12a downward and shaft 9 is rotated in a clockwise direction, 
one step of resistance will be cut out of circuit, which tends to 
strengthen magnet E. This continues until the pull of the magnet 
equals that of the springs 16 and 18. Without tension on spring 
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16 the armature a would constantly have a seesaw motion, as it is 
by applying the extra tension of vspriiig 16 to the upward motion 
that this effect is eliminated. While spring 18 determines the set¬ 
ting for the lamp voltage, it is spring Iff alone whi(*li is adjusted 
to give the range. 

Springs 16 and 18 are provided with shafts and ratchets for 
increasing or decreasing their tensions. The shafts are interlocked 
by a screw adjustment having a pointer to indicate on a dial by 
the side of spring 16 the exact setting for which the regulator will 
operate. This dial is calibrated, and to change the setting it is 
merely necessary to turn the adjusting screw until the pointer 
indicates the desired rate. 

As point 8a on the cam strikes the roller twice every revolu¬ 
tion, thereby giving a vibrating motion to lever //, it becomes 
extremely sensitive to the slightest change in voltage. 

As already explained, the same principle is employed for regu¬ 
lating the generator field. The magnet E of the regulator has 
two series windings, one in the battery circuit and one in the lamp 
circuit; these windings are in opposition to each other. The rea¬ 
son for this is that in the daytime, when no lamps are burning, 
the generator should not give more than the proper current for 
charging the battery, while at night, when the lamps arc turned 
on, the generator output should increase so that the battery will 
not be robbed of current. If the bucking winding of the lamp 
circuit weakens the magnetic effects of the battery wiinliug on the 
armature of the magnet Fig. 14, the spring will press the 
armature downward and the rotating cam will strike the, upper 
roller of the regulating lever arm, causing the lower pawl to engage 
with the corresponding ratchet and increase the generator current 
and output by cutting resistance out of the field circuit until thc^ 
necessary balance obtains. In this manner the generator output 
is increased by assuming a portion of the connected lamp load. 
The regulator motor M, Fig. 14, is arranged so that it will be in 
operation at all times as long as the generator is functioning or as 
long as any of the lamps are burning, whereas if no lights are to 
burn and the car is standing still, the regulator motor is made 
inoperative through the switch SW breaking the circuit at 
Fig. 13. When the switch is operated to break the circuit at 
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it snaps into the connection which is fed from the 

generator, and provides the motor operation for the generator end 
of the regulator whenever the generator is running. 

, This motor form of Kennedy regulator is no longer widely 
sold (primarily on account of its cost); many hundreds, however, 
are still in use. It has been criticized as being somewhat noisy— 
the click of the cams striking the rollers may be heard when the 
car is standing still. It is also open to the criticism that while the 
current regulator which operates with simple solenoids can have 
only two points of failure, the resistance or the coil connections, 
the motor operator type has additional points where a failure may 
occur, namely, the motor connections, the motor field, and the 
motor armature. 

Regulator Adjustments. 1. If the battery shows signs of 
overcharging, noticeable by the softening of the positive plates or 
by excessive evaporation of the electrolyte, the generator output 
should be reduced. This may be done by decreasing the tension 
of springs 16' and J8 on the generator end so'that the magnet E 
may have less downward ])ressure to overcome. 

2. If the battery shows signs of undercharge, either through 
a marked drop in voltage when lamps are burning, by the light- 
brown appearance of the positive plates, or by an insistent low 
specific gravity of the electrolyte, the generator output and battery 
charge should be made greater by increasing the tension of the 
springs 16* and 

Ih If the battery fails to receive charge during a long run, 
the trouble may be due to any of the following causes: the gen¬ 
erator field may be open; tlie brushes may not make proper con¬ 
tact with the commutator; the field fuse may be blown; or the 
belt tension may be too slack. These defects may be noted by 
inspection, or an ammeter may be placed in the circuit C at bind¬ 
ing post 1, Fig. 13, and the flow of current to the field noted. 
Another method of determining whether or not the generator is in 
good condition is to slip the belt and close the automatic switch 
by hand, wedge it in place, set the regulator R so that the gen¬ 
erator will have full field strength, using the armature-circuit fuse 
holder as a switch. If the generator is in proper condition, it will 
motor when the circuit is closed. 
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4. Sometimes the shunt winding of the automatic switch is 
open, and then, no matter what the speed of the generator or its 
voltage, it cannot come int'o circuit to charge the battery. Volt¬ 
age measurement across points and A® will indicate the voltage 
available for the operation of the automatic switch, and if it has 
tlie proper value and the automatic switch docs not close, the 
trouble lies in the shunt winding. 

5. The failure of the generator to regulate toward constant 
current may be due to worn-out pawls, ratchets, plungers, cam 
rollers, or pins, a faulty field rheostat, a weakened spring, or fail¬ 
ure of regulating motor M to rotate. If the trouble is due to the 
last-named cause, fluctuations in the brilliancy of the lamp.s with 
change in train speed is also apparent. 

6. The failure of lamp voltage regulation may be due to any 
of the defects enumerated in (5) or to an open circuit in the mag¬ 
net coil E. 

7. Persistent low lamp brilliancy may also be caused by a 
defebtive battery, either sulphated or insufficiently charged. "I’est 
the electrolyte by a hydrometer reading. 

8. High voltage at lamps, the burning out of the lamps, or 

the blowing of the field fuse, etc., shows that the battery circuit is 
open. This may be caused by a broken connection, a cracked jar 
from which electrolyte has leaked, etc. ' 

Type L Regulator. The type L regulator, which is of tin' 
solenoid design, was brought out by the Consolidated Company to 
meet the prices set by competition and to overcome some of the 
objections to the Kennedy motor-type regulator; both generator 
and lamp regulation are accomplished by solenoids. The goin'rator 
regulator has also been changed so that it is of the nuHlified- 
current type having both shunt and series coils. The parts of the 
type L regulator are shown in Figs. 10 and 17, and the circuit 
connections in Fig. 18. Type L regulators, as shown in these 
drawings, are provided with a voltage-operated switch or relay to 
reduce the generator voltage when the battery reaches a full 
charge and to change the system into one of constant potential 
should a break occur in the battery circuit. The generator field 
rheostat is composed of a group of metallic grids connected in 
series. Contact is made to various points of this resistance through 
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a series of metallic strips arranged side by side and separated from 
each other by insulated material constituting a flat commutator¬ 
like surface upon wliich a curved contact piece, built up of leaves 
of copper, is rocked. These leaves are so assembled and mounted 
that they bend slightly under the pressure given them and thus 
acquire a wiping motion which insures good electrical contact and 
maintains the surface clean; this contact brush is shown clearly in 
Fig, IG. Examination of Fig. IG shows that the solenoid core is 
lifted by current change against the downward pressure of a flat 
spring jS. When the core is lifted 
to more ettective positions in the i 
solenoid, the spring strength 1 
muwSt increase so that tlie motion ' 
of the core will not be too great. 

An efi'ective way of accomplish¬ 
ing this is to shorten the flat 
spring, and the shortening is 
eflccted through the agency of 
the curved surface against 
which the spring is moved as 
the plunger rises. When the 
plunger is in its lowest position, 
the cur\x'(l contact hrusli rocks 
to a point close to its support; i 
this cuts out all field resistance. 

As the plunger progressively rises ' 
with the increase of train speed, 
the point of contact between the 
rocking brush and the flat surface 
of the resistance segments moves gradually to the extreme tip of tlie 
brush contact, thereby gradually increasing the resistance in the field 
circuit. Thus by a limited motion of the solenoid plunger a very 
large resistance variation may be obtained and the charge rate 
maintained over a wide speed raxige. The application of the 
curved rocker brush has made the metallic grid resistances avail-, 
able for regulation against a wide speed range and has in this 
particular system eliminated the carbon-pile resistance. In the 
opinion of the writer, carbon piles are not the most desirable 
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Fig. 17. Arrangement of Parts of Type L Equipment 
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agents for a railway-train generator or lamp regulators, as the 
discs must be made thin to be effective and, being fairly brittle, 
may crack or have their surfaces injured by arcing; still further, 
even under maximum pressure the carbon pile introduces resistance 
in its related circuit and thus influences the cut in speed of the gen¬ 
erator and range of the lamp regulator. These defects interfere with 
the effectiveness of carbon piles as resistance members. 

Generator Regulator Operating CoiL As seen from Fig. 18, the 
generator regulator operating coil consists of a solenoid provided 
with two windings, namely, a voltage coil having an external 
shunt, and a main winding in vserics with the generator and the 
battery. One end of the shunt is connected to the generator, and 
the other end to the battery lead. For a given setting and with 
the series coil of sufficient strength to lift its core, the current 
passing through the coil is always practically constant. If the 
lamp tap is connected to the point marked LL, the battery will 
receive its full charge and the generator will carry all the lamp 
load in addition; if the lamp tap is connected to the point marked 
NONE, the same current will pass through the series as before, 
but the amount required fpr the lamps will be deducted from the 
battery charge. It therefore follows that by connecting the lamp 
tap to the intermediate points the generator will carry the marked 
proportional part of the lamp load; the remaining portion, which 
passes through the series coil, will be deducted from the battery¬ 
charging current. Thus, suppose the current through the series 
coil to be 50 amperes and the lamp load to be 80 amperes. With 
the lamp tap connected to the ALL position the generator fur¬ 
nishes 80 amperes, of which 80 are taken direct by the lamps and 
the remaining 50 pass through the solenoid, or series, coil and the 
shunt coil to the battery. With the lamp tap connected at the f 
position the generator furnishes 70 amperes, of which 20 are taken 
direct by the lamps and the remaining 50 pass through the series 
coil and the shunt coil as before; but as 10 amperes more are 
required for the lamps, only 40 amperes arc available for the 
battery. 

With the lamp tap at the i position the generator will furnish 
00 amperes, of which 10 are taken direct by the lamps and the 
remaining 50 pass through the series and the shunt as before; but 
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Fig IS. Connections of Type L Regulator with Btop-Charge Relay 
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as 20 amperes more are required for the lamps, only 30 amperes 
are available for the battery. 

With the lamp tap at the NONE position the generator will 
furnish 50 amperes, all of which will pass through the series coil 
and the shunt coil and then divide, 30 amperes going to the lamps 
and 20 ainpcTcs to the battery. 

The elfect of the voltage coil, shown in fine lines on the sole¬ 
noid, Fig. 18, is added to tliat of the series winding and, therefore, 
as the battery voltage rises, the charging current will taper slightly. 
In series with the shunt winding of the solenoid is a group of 
resistance units marked 4^), BO, (iO, 70, and 80; the function of 
tliesc units is to vary the strength of the shunt winding; as shown 
in Fig. 18, one resistance unit, namely, BO to 40, is not short- 
circuited. This means that the solenoid as shown is adjusted to 
regulate to a bO-ampere battery current. If the short-circuiting 
strip were moved down to 7^^ it would mean that the generator is 
adjusted to a battery current of 70 amperes, and if only the con¬ 
tact at 80 were connected, the shunt, or voltage, coil of the regu¬ 
lator would be open-circuited and the regulator would function as 
a simple constant-current regulator giving a battery-charging exur- 
rent of 80 amperes or holding the generator to a load of 80 
amperes, provi<l<'d no lamps arc burning. Further examination of 
Fig. 18 shows that the two terminals of the resistance units are led 
to two contact points of the overcharge switch. When the battery 
voltage of a sixteen-cell equipment rises to about 40 volts, the 
overcharge switch attracts its armature and short-circuits the two 
points before mentioned. This cuts all resistance out of the volt¬ 
age coil of the regulator and gives it maximum strength; the 
solenoid core is lifted immediately to increase the resistance in the 
shunt field of the generator, thus decreasing the current furnished 
to the battery to a small floating value of about 3 or 4 amperes. 
The charging curve of the equipment is shown in Fig. 19. The 
generator, howevtir, remains cfiective to carry all lamp load. 

Lamp Regulator. The lamp regulator is of the solenoid type 
and has a rocking arm substantially the same as the generator reg¬ 
ulator. Its coil is shunt wound and is connected across the lamp 
load. It therefore responds to variations in voltage of the lamp 
circuit and reduces the resistance in series with the lamps when 
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the lamp voltage tends to fall, or increases the resistanctc if the 
voltage of the lamp circuit tends to rise by corresponding varia¬ 
tion of the IR drop. 

Automatic Switch. The automatic switch on this regulator is 
a double-pole electromagnet with a movable armature. The mag¬ 
net coils of this switch are series and shunt wound so that a dis¬ 
charge from the battery to the generator may cause the automatic 
switch to open. • 



Overcharge. The stop-charge switch is connected across the 
terminals of the generator on the generator side of the automatic 
switch so that whenever the generator stops rotating or its voltage 
falls below the proper amount, the overcharge switch will open, 
resetting the generator regulator to normal output so that charge 
to the battery will always be at the top rate after every stopping 
of the train. The stop-charge switch acts to reduce the rate of 
battery charge when a predetermined voltage obtains by attracting 
its armature and cutting out the resistance in series with the volt¬ 
age coil of the generator regulator, thus making the lifting effect 
of the regulator windmg greater, inserting naore resistance in the 
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field circuit, and reducing the generator battery-charge rate to 
about 3 or 4 anipercH. After this, in spite of speed change, the 
regulation produces substantially constant voltage, unless the train 
stops, in which case the higher rate is automatically restored as 
previously explained. 

If the battery circuit accidentally opens, the sudden rise in 
voltage of the generator closes the overcharge switch, thereby per¬ 
mitting the voltage eoil of the solenoid to come into control of the 
system, preventing the voltage from exceeding the m ax imum 
charging voltage of the normal system, and also preventing the 
burning out of lamps and all voltage coils. 

Motoring Switch. A switch is placed at the lower right-hand 
side of the regulator panel, which, when thrown to the left, will 
motor the generator. This action, however, requires either a very 
slack belt between the generator and the car axle or none at all. The 
motor test is matle to determine that the machine is in proper run¬ 
ning condition. To determine if the clockwise and counterclockwise 
rotations are alike, reverse the pole-changing switch by rotating 
the motor armature in either direction until the switch is operated. 

With the motoring switch closed, slowly raise the solenoid core 
until all the field rheostat resistance is in circuit; this will cause 
the generator to motor at high speed. Then suddenly release the 
core and it will drop much teter tlian tlie motor armature will 
reduce its speed. As this will give full field to the motor at high 
speed, its armature will generate sufl^cient voltage to close the 
automatic switch; then when the motoring switch is released, the 
automatic switch will open as under normal conditions. This test 
checks the correctness of the generator armature, field, field rheo¬ 
stat, and automatic switch. 

Ampere-Hour Meter Control. The type L regulator was 
designed by Mr. 1\ Kennedy for the application of ampere-hour 
meter control of the battery charge. Mr. Kennedy applied for 
United States letters patent for such control in 1908 and was 
granted them'in 1912. As previously cxplamed, the voltage of a 
battery is not a proper indication of the state of charge because in 
cold weather the voltage is higher than in warm weather and when 
the electrolyte is low, the internal resistance is greater than nor¬ 
mal and the charging voltage is correspondingly higher. More- 
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over, if the cell is unhealthy owing to the formation of sulphate on 
the plates or if a high-resistance connection is in the circniit, the 
charging voltage is also higher than normal. Conse([U('ntly, if the 
charge of a battery were stopped by voltage indication alone, it 
might well happen that it would be stopped before it was properly 
completed. 

It is one of the essential functions of a train-lighting system 
to furnish light when the train is standing still, in which case the 
battery must supply the current. If, however, the battery is not 
charged, this function of the train-lighting system will not he i)er- 
formed; hence, if the system is to be absolntely n'liable, the bat¬ 
tery charge should not be stopped by an indication which may bo 
wrong. A definite method of assuming approximately a full 
charge of the battery before reducing the charge is to take a 
record of the ampere hours of charge and let a sufficient amount 
of charge be put into the battery before the voltage indication 
may become effective. The ampere-hout meter attachment in 
connection with the stop-charge -coil accomplishes this. 'The con¬ 
nections of the type' L regulator as arranged for ampere-hour 
meter control are shown in Pig. 20. Examination of this drawing, 
startmg from the common negative point of both generator and 
battery, shows a lead a connected to one side of the, coil of the 
overcharge switch, from the other side of which is wire b to a 
resistance unit c, and from this the circuit passes by the wire <1 to 
the positive side of the generator at the generator side of the 
automatic switch. From the ends of the resistance c are leads a 
and / to a small contact g inside the ampere-hour meter. The 
ampere-hour meter records both charge and discharge of the bat¬ 
tery. When the large dial hand (the indicator of the state (^f 
battery discharge) gets back to zero, it indicates that the battery 
has received its full charge in ampere hours and at the same moment 
this hand closes the contact between the wires e and / at g, thus 
shunting the resistance unit c. Before the short-circuiting of the 
resistance unit e the overcharge switch will not have sufiScient 
current passing through it to attract, its armature, even though 
the line voltage may be as high as 49 volts. When the resistance 
c is short-circuited, the overcharge switch will have sufficient cur¬ 
rent through its windings, provided the voltage desired at the 
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Fig. 20, Comi 0 Ctior>s of TsTpe L Eegulator with Amperfr-Hour Meter Control 
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battery terminals exists, to attract its armature and short-circuit 
the resistances in series with the potential coil of the regulator, 
after which the equipment will float at about 3(5 volts. It is to 
be noted that after the ampere-hour meter has returned to zero 
and closed the contact g, the overcharge switch will not close 
unless the battery voltage has reached some predeterminwl value, 
which value is fixed by the distance between the poles of the 
overcharge switch and its armature. This voltage may be 40 
volts or any other value at which it is desired to operate, but 
until the overcharge switch does close, the battery will charge at 
the normal rate. In this way the combination of the ampere-liour 
meter and the switch adjustment compensates for irregularities in 
the ampere-hour efficiency of the battery and keeps the meter in 
step with the state of charge of the battery. To compensate for 
the errors in the ampere-hour efficiency of the battery, the San- 
gamo ampere-hour meter, which is used with this ampere-hour 
meter system, as well as in other systems, is made to move slower 
on charge than it does on discharge. The average ampere-hour 
efficiency of lead batteries as used in train lighting work is about 
80 per cent; hence the meter is set so that it will run about 25 
per cent slower on charge than on discharge. If this percentage 
of efficiency is not correct, no very large error can be introduced 
because of the protection of the voltage stoj)-chargc coil; there¬ 
fore if the battery is slightly overcharged, by the time the ampere- 
hour meter indicator reaches the zero point, the battery charge 
would be immediately stopped, as the voltage would have reached 
the predetermined point; or, if the' battery is sliglitly under¬ 
charged by the time the ampere-hour meter gets to zero discharge 
indication, the charge -will continue until the desired voltage is 
obtained. 

The principles and care of the Sangamo ampere-hour meter 
will be considered later. 

Regulator Adjustments. 1. The regulator may get out of 
adjustment by the flat spring S, Fig. 1(5, becoming fatigued, 
though such a condition is not likely to obtain, as all tension is 
removed from the generator-regulator spring when the train is 
not under way and from the lamp-regulator spring when no 
lamps are in use,, In case spring failure interferes with the regu- 
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lation, secure a new sprinji; from the manufacturer. If, however, 
tlie spring is in good condition, the regulator may be adjusted by 
loosening the lock nut and turning the thumbscrew on the 
threaded stud in the link connecting the spring to the solenoid 
core. Lowering the thumbscrew one turn will decrease the gen¬ 
erator current by about 1 ampere; raising the screw one turn will 
correspondingly incrciisc the generator current. After the adjust¬ 
ment has been made, secure the lock nut fir ml y. 

2. If the battery shows signs of overcharge such as soft 
positive plates or excessive evaporation of electrolyte, the factor 
of ampere-hour, meter correction is too high. This may be cor- 
rectal by changing the setting of the resistor of the ampere-hour 
meter so that it will travel somewhat faster on recharge; or the 
charging current may be reduced by short-circuiting more of the 
resistance in series with the potential coil of the regulator. Failure 
of the stop charge relay due to poor contacts in the meter or a break 
in the coll connections may also cause overcharge. 

3. If the battery shows signs of undercharge, the charging 
current may be too low, or there may be a leak around the bat¬ 
tery. Thoroughly clean this, and see that there are no grounds 
between the cells and none on the battery leads. 

4. If a battery is badly sulphated at the time it is installed 
on the train, it will in all probability remain so because an over¬ 
charge is not possible; hence, if a battery is found to be in a 
persistently discharged condition, giving low specific gravity read¬ 
ings, it is advisable to remove the battery for treatment, because 
if even as much as 20 pc'r cent more ampere hours are put into 
the battery on charge than arc taken out on discharge, this will 
not suffice to (iliminate the sulphation, because the stop-charge 
switch will immediately cut down the rate at the completion of 
charge. The only way to restore a sulphated battery on a coach 
would be to wedge the stop-charge switch open; this, however, 
is not advisable unless done upon written directions of the master 
electrician, as the stop-charge switch should not be tampered with. 

5. Persistent high voltage at the lamps with excessive motion 
of the lamp regulator indicates an open circuit of the battery line. 

6. All train-lighting systems have a pilot lamp which glows 
when the train-lighting system is functioning. Failure of the lamp 
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to glow at aU indicates that the generator has not sxxfficicnt volt¬ 
age to close the automatic switch. The failure may he due to 
the defects noted in paragraphs 3 and 4 above. 

7. Persistent dimness of the lamps may he due to tlic 
fatiguing of spring S on the lamp regulator. As a result the rock¬ 
ing brush fails to short-circuit all the resistance when the car¬ 
ls standing, and more than sufficient resistance is inserted into 
the circuit while the car is running. Again, dimness of the lamps 
may be caused by the loss of some pin on the spring. This 
would allow a low voltage to lift the solenoid core to such a 
position that too much resistance would be in the lamp circuit. 

SAFETY CAR HEATING AND LIGHTING SYSTEM 

The Safety Car Heating and Lighting Comixany has devel¬ 
oped different forms of train-lighting systems, but its present 
standard form is known as the Safety type F regulator. 

Rating. The generators employed by the company are four- 
pole shunt-wound machines and are designed for high sjxeed. 
They have a capacity of 1, 3, and 4 kilowatts, respectively, and 
are designed for standard train-lighting voltages. The appear¬ 
ance of the generator in section is shown in Fig. 21. 

Generator Suspension. The generator with its su-sixension is 
shown in Fig. 22. Cast upon the frame are carrying lugs, whic;h 
are pivoted upon the suspension carriage by the suspension bear¬ 
ing pin. The suspension carriage is designed to be bolt('d to a 
suitable plate secured to the xmderframe of the car, and the belt 
tension is maintained by the weight of the generator and by the 
tension spring, which engages at one end with a lug on the gen¬ 
erator frame and at the other end with a bracket secured to the 
suspension carriage. The parts are designed so that the sum of 
the two varying tension forces is constant. When the generator 
is hanging so that the center of gravity is directly under the sus¬ 
pension bearing pin, as illustrated in Fig. 22, its weiglit adds 
nothing to the tension on the belt, all of the tension being caused 
by the spring. If the generator swings forward toward the driv¬ 
ing pulley, the weight of the generator will act to give some ten¬ 
sion; but the lever arm of the spring has been’ diminished in 
length, and hence its effect has been reduced. The sum of the 
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two forces acting on the belt will remain the same; thus the vari¬ 
ation in distance between the generator axle and the car axle 



on a curved track is taken care of. The introduction of a bal¬ 
ancing feature of this sort is necessary because the generator is 
not carried by the truck. 


P^. 21. Sectional View oi Underframo Generator 
Courtesy of Safety Car Heating and InghUng Company^ New York 
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If it is desired to slip oft' the belt from this cqxupmcnt, a 
pipe lever may be put over a. projecting stud ou the frame; by 



pressmg down on it the generator may be swung toward the 
truck so as to slacken off the belt. 

Pole Changer. Since the g^^erator may rotate in either direc¬ 
tion, depending upon the direction of travel of the coach, means 
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must be introduced to correct the polarity of the armature for 
change in direction of rotation; this is accomplished by rotating 
the brushes through an angle of 90 degrees. The brush holders 
are mounted upon a ball-bearing sleeve, the friction between the 
commutator and the brushes being sufficient to rotate them through 
the necessary angle; stops are employed to limit the motion. 
The ball bearings for this i)urposc are located in the rectangular 
notch shown at the right of the brush studs. 


[■■■ 



Fig. 23. Safety Type F Dynamo Eegulator 

Regulator. The dynamo regulator is of a modified-current 
type in that it employs the combined effects of a current¬ 
regulating coil and a voltage coil. These coils are wound upon 
separate forms and act upon separate cores; their coaction is 
obtained through the inter-connection of their levers and the 
common return path of their magnetic circuits. The current-coil 
lever has an inwardly projecting finger upon which rests an out¬ 
wardly projecting finger of the voltage-coil lever, and the voltage- 
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coil lever is provided with a finger which presses upon the carbon 
pile. Each lever has its independent spring by which its balanced 



position may be adjusted. The generator-regulator panel is showp 
in Fig. 23, which illustrates clearly the current coil C; the voltage 
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coil D; the carbon pile J?, controlled by the regulator; the auto¬ 
matic switch and the adjusting resistances. The circuit 

connections of the regulator are shown in Fig. 24. The three 
leads from the generator are connected respectively to 6r+, F+ 
and . From F+ the circuit is through the carbon-pile rheo¬ 
stat 0 through the generator side of the automatic switch, where 
the field circuit is connected to the positive-potential side of the 
generator. The plus side of the generator is connected to the 
series coil of the automatic switch at K, thence through the con¬ 
tact of the switch, through the series coil S of the regulator, from 
which it passes to the positive terminal of the battery branch 
and thence through the lamp-regulator resistance E to the posi¬ 
tive side of the lamp load. The negative terminal of the gener¬ 
ator is connected to the negative terminal of the battery and the 
negative terminal of the lamp load. Connected across the gen¬ 
erator terminals, in series with an adjustable resistance Q, is the 
voltage coil of the regulator. Connected across the generator 
terminals in a similar manner is also the voltage coil of the auto¬ 
matic switch. The operation of the regulator is as follows: 

The automatic switch closes after the train has reached its 
critical speed—about 20 miles an hour—and is generating sub¬ 
stantially 36 volts. As the train speed is further accelerated, the 
charging current to the battery rises and as it reaches a value of 
whatever the regulator is adjusted for, say 62 amperes, the cur¬ 
rent coil lifts its plunger, and its lever finger comes in contact 
with the finger of the voltage-coil lever. If the battery is only 
partially charged, then the lifting effect of the current coil must 
help the voltage coil before the pressure on the carbon pile C of 
the shunt-field circuit can be reduced. This means that the cur¬ 
rent in the series coil and therefore the generator output must 
be at or near the maximum. However, as the battery state of 
charge is increased, the voltage of the battery gradually rises, and 
the potential coil will more and more tend to overcome its own 
spring force witli a consequent gradual tapering off of the current 
flowing to the battery, because the current coil need not exercise 
so much of a lifting effect as when the battery voltage is low. 
It is during this stage that the Safety type F regulator is of the 
modified-current type. However, when the battery voltage has 
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finally risen to a predetermined amount, substantially 39 volts, 
the voltage coil is sufficiently powerful to act against its own 
spring and its lever is moved forward and ba(*kward to vary 
the pressure on the carbon pile mechanically, independently of 
the current regulator, whose inwardly projecting finger is no 
longer in contact with that of the outwardly projecting finger of 
the lever of the voltage coil; and at this point the modified 
constant-voltage regulation supersedes the modified-current regu¬ 
lation, and the current flowing to the battery on charge tapers off 
rapidly, as shown in Fig. 25. The magnetic circuits of the volt¬ 



age and current solenoids are, however, interrelated, and as the 
current in the current coil gradually decreases, the voltage-coil 
pull also slightly decreases, and there is a marked taper in the 
current. Owing to the fact that the potential-regulating coil is 
connected to the generator side of the automatic switch, every 
time the generator voltage falls to such a point that the auto¬ 
matic switch is opened, modified-current control is reintroduced, 
even if only momentarily, as the speed of the train is agaiij 
accelerated. 

The lamp regulator which is utilized with this generator regu¬ 
lator is of the shunt type and has its coil connected directly 
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across the lamp leads. The resistance in series with the lamps 
comprises two carbon piles, the pressure on which is varied by 
the armature of the shunt regulator inversely as the voltage of 
the system. The construction of the lamp regulation is shown in 
Fig. 26. 

Adjustment of Generator Regulator, The voltage coil A of 
the regulator, Fig. 24, is adjusted at the factory, so that it is 



Fig. 26. Safety Typo F Lamp Regulator 


fully effective at 39 volts with 3()-volt equipments and at 78 
volts with 60-volt outfits, respectively. When Edison cells are 
used, this voltage is raised to 43 and 86 volts, respectively, by 
removing the shunt XY from the resistance Q. To check the 
setting of the voltage coil A, place a piece of insulating material 
between the contacts of the main switch M, then no current can 
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pass through the current coil 8 and the stop on its plunger rests 
against the top of the coil head. Then if the car is run at a speed 
of 30 miles an hour or over, the voltage across the generator 
terminals should be 39 volts with a sixteen-cell load-battery 
equipment, 78 volts with a thirty-two-cell lead-battery equipment 
and 43 volts or 86 volts with Edison-cell equipments of twenty- 
five or fifty cells, respectively. If the given voltages do not 
obtain, adjustment of the spring connected to the lever of the 
voltage coil should be undertaken. This may be accomplishal 
by means of the nuts on the supporting stem of the spring. To 
check the setting of the current coil, connect in an ammeter at 
the 6r— terminal of the regulator; if the stop on the plunger 
guide of the current coil is lifted from the head of the coil, the 
ammeter will show at what current the coil is regulating. If the 
stop is against the coil head, compress the field carbon C by 
hand through the voltage-coil lever and note at what current the 
series coil regulates. This value of current should be within the 
rating of the machine; if it is below the machine rating, it may 
be brought up by increasing the tension of spring 0; if it is 
above the machine rating, it may be brought down by decreasing 
the tension of spring 0. 

The relative _ adjustment of the springs G and jCr"- should bo 
such that when the car is standing still and the carbons are 
tightly compressed by the voltage-coil lever, it is just possible to 
slip a gage -it inch thick between the projecting fingers of the 
levers—a field carbon disc has this thickness. 

Adjustment of the Automatic Switch. The main switch is set 
at normal to close at 34 volts and 68 volts on 30- and 6()-volt 
equipments, respectively, and should not require adjustment in 
service; however, if it does, raising or lowering the pin which 
bears upon the armature of the automatic switch to the left of 
the pivot may serve to obtain the desired setting. Raising the 
pin increases the voltage necessary to dose the automatic switch; 
lowering the pin decreases the voltage required. 

Additional voltage is required to adjust the regulator poten¬ 
tial coil when the car is standing still, because the battery voltage 
itself is not of high enough value. This higher value may be 
obtained by placing a second battery in series with the car 
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battery so that on 30-volt systems a voltage of at least 42 would 
be available; or, if a .12-volt portable battery is not available, the 
battery of a companion car and the car battery itself may be 
placed in series. Referring to Fig. 27, proceed as follows: Open 
switch T.L. and connect the extra battery across the points 
marked + and —; tlaen, by means of a jumper, connect the 
minus terminal of the jaw of the switch to the positive blade and 
connect carbon resistance R between the plus terminal of switch 
T.L. and the top clip of the generator fuse, having first removed 
the fuse 0. Now, as the 
negative terminal of the volt¬ 
age coil A is connected to 
the negative terminal of the 
battery with the switch B 
closed, the batteries are 
placed in series, and their 
combined voltage may be 
impressed upon the voltage 
coil A of the regulator and 
the voltage coil J of the auto¬ 
matic switch. Connect, as 
shown, a voltmeter to meas¬ 
ure the voltage across the 
coil A and its resistance Q, 
adjust the pressure on the 
resistance R until the volt¬ 
meter indicates the desired 
39 volts; adjust 0^ until the plunger stop floats about | inch above 
the top of the coil, then decreases the voltage by varying the small 
resistance R until the plunger moves downward, so that it is 
influenced by the cushioning effect of the carbon pile C, this min- 
imiun voltage being about 36 volts. 

The automatic switch 11 may be adjusted by the use of the 
connections just considered. Proceed as follows: Reduce tlie 
pressure on R until the voltage read across EE^ is less than 
30 volts, then bring up the pressure on R and note if the auto¬ 
matic switch closes when the indication of the voltmeter is 
34 volts. If it does not, adjust the pin screw of the automatic 





JTig 27. Wiring Diagram for Yard Testing 
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switch until it will close at 34 volts upon gradual increase of 
the voltage. 

Causes of Failure of Regulator. If a battery shows persistent 
undercharge indications, such as low voltage or low specific 
gravity, the equipment does not work properly. This condition 
may be brought about by the following causes: 

1. Failure to charge at all may be due to an open main 
fuse, an open field fuse, or an open circuit in the automatic switch. 
Charging intermittently may be due to a weakened spring of the 
voltage coil which allows the modified constant-potential regulation 
to obtain at too low a value or to obtain too soon. Poor connection 
m the battery circuit or electrolyte which has spilled owing to a 
cracked jar will cause the same trouble. Trouble may also be due 
to high resistance in the carbon pile C. This should be examined 
for broken or cracked discs or foreign matter between the discs. 

2. Undercharge may also result if the spring G of the cur¬ 
rent coil is too weak. 

3. Brushes out of position, a dirty commutator, or a loose 
belt may be contributing causes of undercharge. 

4. Grounds around a battery, and defcc-tive wiring causing 
leaks of current are also conducive to undercharge. 

5. Overcharge may result if the spring of the voltage coil 
is too strong, which would require a high voltage to change the 
charge from the modified-current to the modified constant- 
potential type. A break in the voltage-coil circuit will also cause 
this battery overcharge, because not only will the system become 
a constant-current system but it will be of a higher rate than 
normal, because the current coil then will have to overcome the 
pull of springs G and both. 

6. If the regulator is sluggish in its motion, examine the 
vents in the dashpots connected to both current and voltage 
levers. The sluggishness may be caused by the vent being too 
much stopped up; by broken bearings or corroded bearings at the 
upper and lower pivots of the plungers; or by tlie set screws which 
act as the pivots for tlie lower levers being drawn up’too tight. 
The regulator should be examined for these conditions. 

7. If the regulators produce a hunting, effect, the trouble 
may be caused by too free an opening in the air dashpots. 
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8. If the lamp voltage varies appreciably with change in 
train speed or in the number of lamps connected, the lamp- 
regulator Solenoid may be open-circuited, its dashpot vent may be 
too tightly closed, or its armature supports may be broken. 

9. Lamp voltage may be too low and not regulating. This 
may be caused by a break in the lamp-regulator spring or its 
sticking in tlie top voltage position. 

GOULD CX)UPLER AXLE LIGHTING SYSTEM 

The Gould Coupler Company has developed various types of 
train-lighting systems; the most prominent form and the com- 



Fig 28 Gould Train-Lighting Generator 
Courtesy of Gould Electric Car Juiyhting Systerrit Depew, New York 


pany’s present standard design is known as the Gould Simplex 
System, of which several modifications are in service. 

Generator. The generators employed with the Gould Simplex 
equipment are simple, shunt wound, and of varying capacity 
depending upon service requirements. Their general appearance 
is as shown in Fig. 28. 

Rating. The standard sizes are 2, 3, and 4 kilowatts in 30- 
and 60-volt equipments. The machines are driven at a 2 or 2.5 
speed ratio. The drive may be by means of a belt or a flexible 
chain. The generators are provided with bronze or ball bearings 
as desired. 
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Suspension. The'Gould Coupler Company employs drop-type 
and link-type truck suspension and car-body suspensimi; the same 
type of generator is available for any of those forms. Link-type 



Fig. 29. Gould Coupler Link-Type Tru(‘k Suspcunion 


suspension is shown in Fig. 29. It is provided with two springs 
for belt-tension adjustment, and tlie cradle carrying the generator 
is compound, being made of two pivoted pipe forms. Body sus¬ 
pension is somewhat similar to that shown in Fig. 22; it employs, 
however, a crossbar as a support instead of the plate and an 



Figs 30 and 31. Arrangement of Gould Mochanioal Polo Changer 

adapter to fit the standard truck type of generator for body 
suspension 

Pole Changer. Like all axle-driven equipments, the generator 
must be provided with a pole changer to correct for change in 
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direction of travel of the coach and in this way maintain the 
polarity of the system independent of direction of generator rota¬ 
tion. The pole changer employed in the Gould' equipment is a 
very" interesting one, and is positive in its action. The pole 
changer comprises a double-pole, double-throw, toggle-spring 
switch. Fig. 30, placed between the armature leads and the termi- 



Fig. 32. Gould Simplex Eegulator Panel, Type BB 


nal board of the generator. It is located at the commutator end 
of the machine inside a suitable housing. The switch-throwing 
mechanism, Fig. 30, comprises an eccentrically drilled weight A, 
pivotally mounted on a carrier JB, and secured to the generator 
shaft C. Projecting lugs from the weight are designed to engage 
corresponding lugs of the switch. The operation is explained by 
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Figs. 30 and 31. For example, as the generator starts to revolve 
in a clockwise direction, the lug D of the pivoted weight strikes 
the lug E of the switch, throws blades II out of their jaws, and 
carries the switch over its center. Then the toggle springs snap 
blades K into position, carrying the lug E clear of the lug I), 
Fig. 31. As the train speeds up, the weight balances and its 



----- — - . . . 

Fig. 33. Generator Regulator Panel, Typo BB-9 


lugs are in non-engaging positions. When the train slows down 
and reverses the action, the other lug of the pivoted weight 
engages the projecting lug G, forces the blades K out of their 
jaws, and carries the switch- over its center. Then the toggle 
springs snap the blades H into their jaws. This last step clears 
the lug G from co-functioning with the lug of the pivoted weight. 
The armature brush leads are connected to tike middle points of 
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the double-throw switch; the jaws are cross-connected, and the 
positive field terminal is connected to the positive terminal of the 
switch. Three leads come out of the generator terminal board, 
the main leads and the negative-field lead. This latter is carried 
to terminal block 3 on the regulator panel, Fig. 35, and thence 
through the carbon block field resistance to the negative side of 
the generator. The generator main leads are carried to terminal 
blocks 1 and 2 of the regulator panel. 

Regulation* The generator regulator of the Simplex type is 
made up in various models, BB, Fig. 32 being the simplest 
while BB-9, Fig. 33, is substantially the same as the former, but 
temperature compensation of the shunt coils is introduced by the 
resistance coils shown at A and B in series with the voltage coil 
of the regulator and the automatic switch voltage coil respectively; 
a further modification in Simplex regulators of later design than 
Model BB is that the calibration weights are not all internally 
carried on the dashpot pistons but may be mounted externally as 
shown at W. The regulator as shown employs both series S and 
shunt V solenoids, but it differs from the forms of the preceding 
sections in that these solenoids act independently; that is, the 
regulation before the battery obtains a predetermined voltage is 
all current regulation; and then when the voltage is sufficiently 
high to lift the plunger core the regulation is changed to constant- 
voltage type. When the voltage is below the predetermined point 
—about 39 volts on a 16 lead-cell equipment—the voltage coil 
core is down on its stops and its lever finger acts as a fixed 
abutment for the carbon pile, the variable position and pressure¬ 
changing member being then the finger of the current-coil 
lever; hence current regulation. However, when the core of the 
voltage coil lifts, this suddenly reduces the current and the 
lifting effect of the current coil being no longer great enough to hold 
the plunger core up, it therefore settles, and its lever finger 
becomes the fixed abutment of the carbon pile, while the voltage- 
coil lever finger is then the moving one and hence the regulation 
is of the voltage type. The characteristic voltage and current 
curves as produced by this regulator are shown in Pig. 34. It 
takes about 39 volts to lift the voltage coil into active functioning 
position, but less than 39 volts will hold it, hence the voltage of 
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the generator shows a slight drop and the current a more marked 
drop, when the voltage coil takes over the regulation, after which 
the current tapers off with time as in a straight constant-potential 
system. The connections of the regulator arc shown in Fig. .‘15. 

The automatic switch shown in the middle of the machine 
regulator panel at A.S. in Fig. 35 is of the standard “voltagt‘-pull- 
in” coil type; it also has the regular series coil to increase the 
holding effect when the battery is charging, and to open up the 
circuit when the train speed falls low enough for the battery to 
discharge back into the generator. A. double contact X Y at the 



Fig. 34. Charging Characteristics of Gould Simplex Battery 


top serves to short-circuit the series coil of the regulator when 
the generator voltage/is low and battery,is discharging so that 
the battery current to the lamps does not have to overcome the 
resistance of the current coil. The lamp current being thus shunted 
around the current coil of the generator regulator, its core drops 
to the stop, and a maximum pressure is put upon the field-circuit 
carbon pile, reducing its resistance to a minimum. This hastens the 
building up of generator voltage as the machine accelerates. 

Another means to facilitate rapid building-up of voltage is 
introduced by the small resistance unit between the minus termi- 
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Fig 35 Connections of Gould Simplex, Type BB, Regulator 
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nals of the battery and generator, bridging the automatic switch. 
This allows a small tickler current to flow, thus preventing loss 
of residual magnetism and it also aids in breaking down contact 
resistance between brushes and commutator. This small resist¬ 
ance unit is shown at T in Fig 35. 

Lanq> Regulator. The lamp regulator comprises two active 
parts, the main regulator and tlie auxiliary regulator or multiplier, 
as shown in Fig. 35. The main regulator has a carbon-pile 
resistance L.R. in the negative line of the lamp circuit; the 
pressure upon it is varied in inverse proportion to the lamp volt¬ 
age by means of the shunt-connected solenoid L.R., and hence its 
resistance is increased as the lamp voltage tends to rise. This 
shunt coil has in series with it the small carbon pile Z of the 
regulator multiplier, the resistance of which varies inversely as 
the lamp voltage; hence the effect of voltage change on the main 
resistance L.R. is magnified and the resulting regulation of lamp 
voltage is excellent. If the battery voltage falls very low, it is 
desirable to cut out the resistance of the main carbon pile L.R. 
and this is accomplished by the contacting of the lamp regulator 
lever with the lower carbon low-resistance group, Q, which will 
then shunt L.R. 

Regulator Adjustments. The value of the current which it 
is desired to have the current coil regulate, is adjusted by means 
of the weights applied to the plunger coi’e of the current coil. 
These weights may be riveted to the dashpot position as in 
Type BB, or for fine adjustment they may be mounted on the 
top of the plunger, as in “Type BB-9, and other later types. 

The voltage coil of the regulator is adjusted to its stop- 
charge voltage in the same manner as tlie current coil, and the 
liftmg voltage is, on 30-volt equipments, usually set at 30-40 
volts; with higher voltages it would vary in proportion. When 
setting up a regulator for adjustment with no current passing 
through either coil, a cold field-resistance pile, for proper position¬ 
ing, should have such length that if the voltagc-coil core is on 
its stop (that is, with the rollers at the top of the core), the 
current-coil core should be lifted about ^ inch to } inch and 
conversely, if the current-coil core is down, the voltage-coil core 
should be similarly lifted. 
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Automatic Switch Adjustment. The automatic switdi is 
adjusted to close at a generator potential of 32 volts on 30-volt 
systems, and at 62 volts on 60-volt systems. K the adjustment 
is not correct, it may be adjusted by loosening the set screw at 



Kg. 36. Types M aad M-2 Gould Lamp Regulators 


the top and raismg or lowering the solenoid core in order to 
decrease or increase, respectively, the “cut-in” voltage. The 
adjustment of the top and bottom contacts should be such that 
there is about A inch follow-up on either incoming one before 
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the outgoing one opens. This ensures firm contacts on the one 
carrying the current. 

Lamp Regulator Adjustment. This regulator, as lia.s already 
been shown, has many parts, hence considerable care must be 
taken in setting it up. To adjust it, proceed as follows: Block 
the main lever M, Fig. 36, so that it rests about one inch above 
the stop JV. Adjust stud F so that lever 0 is in a vertical posi¬ 
tion; then adjust stud D so that top of brush .1 clears contact 
button R by ^ inch; lock studs D and F by means of their lo<-k 
nuts E and H, respectively. Set the screw N so that the carbon 
pile T has its plates in such loose contact that movement of 
lever P dbanging gap between A and B by -sV inch will p\it the 
pile under full compression; lock N in position with lock rmt 0. 
The spring J, which acts on the main carbon piles and U"'- 

should be compressed by means of nuts II and IF until distance 
of face of washer X from lever G is about 11 mches. 

Remove blocking between W and M and allow M to droj) 
until it rests on W; then by means of K and JG adjust to full 
pressure on carbon piles U and and T which is indicated by 
lever M rising off stud W. The pressure on piles U and U' 
should be made as nearly equal as possible. The condition is 
indicated by tlie balancing of the equalizing lever Y; finally, lock 
K and iG in position using lock nuts L and V-. 

Multiplier Adjustment. The stud C should be set so that 
the lever Z may come within | mch of the frame Tf''. Tlie 
number of carbon discs in pile V must bo sufficient to allow full 
compression through an upward movement of 2 inch of lever Z, 
and at the same time allow full release when Z is in its lowest 
position. The lamp voltage is raised or lowered by sliding the 
balancing weights Q and to the left or right, respectively. The 
range of motion of Q and is effective for a two-voltage adjust¬ 
ment on 30-volt loads. A greater range may be secured by alhu’- 
ation of weights on the piston of the multiplier, as at li. The 
standard weights sent with the regulator will vary the regulator 
setting by one volt per weight added or removed. 

Causes of Failure. Failure of the battery may be due to any 
one of the following causes: 

1. If a battery charged by a Gould Simplex System shows 
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signs of overcharge such as softened positive plates or excessive 
evaporation, the trouble may be due to (a) sticking of the core 
of voltage coil of the regulator; (b) open circuit in the voltage 
coil connections; (c) over-weighting of the core. These defects 
tend to continuous constant-current charging. 

2. If the battery shows signs of persistent undercharge, such 
as sulphated plates or low specific gravity, this may be due to 
(a) undersetting of voltage coil, stopping charge too soon; (b) high 
resistance in battery circuit connections. 

3. Failure of battery to charge at all may be due to break 
in automatic-switch shunt coil, loose belt, open field circuit, or 
failure of pole-changing switch to function. 

4. If regulators are sluggish in action this may be due to 
dirt or grit in the bearings; to too-close adjustments of openings 
in piston of dashpot; or to low viscosity of the oil in the dash- 
pots. In connection with this last it is important to use the 
dashpot liquid furnished by the Gould Coupler Company—called 
'*Dasho”—as it maintains the same viscosity over wide temper¬ 
ature ranges. 

AXLE-DRIVEN SYSTEM OF THE U. S. LIGHT AND 
HEAT CORPORATION 

The U. S. Light and Heat Corporation has had various 
forms of axle-driven train-lighting outfits on the market, but in 
recent years it has adopted a modified constant-potential system 
in coni:ection with ampere-hour meter control. 

Generator. The generators are, as usual, shunt-wound, and 
they may be used for truck or body mounting. They are designed 
to operate on the standard 30-, 60-, and 80-volt systems, and are 
obtainable in 1, 3, and 4 kw. capacity. A typical link suspension 
employed by the U. S. Light and Heat Corporation is shown in 
Fig. 37. The generator is supported on a cradle composed of the 
horizontal cross rods, BB, and belt tension is adjusted by means 
of the springs /S. The suspension is bolted to the truck by means 
of the longitudinal bars A A, 

PoIeXhanger. As in all equipments, where the direction of 
rotation of a generator may be reversed, the dynamo employed in 
the U. S. Light and Heat Corporation system is provided with a 
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pole changer to maintain current flow in the proper direction to 
charge the connected batteries. The pole changer is of the rotat¬ 
ing type; the brush-holders are mounted on a ball-bearing sup¬ 
ported ring carrier. The ball bearing enables the ring to rotate 
freely with commutator drag. The angular range is linrited by 
means of stops to substantially 95 degrees in the case of four-pole 
machines, the extra angle of 2| degrees on each side being found 
necessary for proper commutation. 

Generator Regulator. The generator-regulator panel carries 
upon its face the automatic switch, the regulating solenoid¬ 
adjusting resistances, the Sangamo ampere-hour meter, the field 



Kg. 37. Standard Wide Link Suspension Used by United States Light and Ileal Corporation 


rheostat, the lamp regulator, and protective fuses for armature 
and field circuits. The appearance of this panel is shown in 
Fig. 38. The diagram of connections is shown in Fig. 39. Exami¬ 
nation of the regulator and its circuit connections shows that the 
regulator solenoid is provided with two windings, one in series 
with the' battery load and one in shunt across the generator. The 
series coil, however, is not as powerful as the shunt coil, and hence 
the regulator may be called a modified constant-potential one. 
The function of the series winding is to provide a generator pro¬ 
tection, should the battery be very much discharged. If charge 
by means of constant potential be attempted with a badly 
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depleted battery, the current may be for a short time of an 
excessive value, perhaps sufficient to injure the generator or to 
blow the armature-circuit fuses. However, as the regulator 



3Pig. 38. Generator Eegulator Panel and Lamp 
Regulator 

Courtesy of UnUeA States lAght and Heat 
Corporation^ Niagara Falls, New York 
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solenoid is provided with a moderate number of turns in series 
with the battery, the ampere turns of the scries coil, coactiiij? with 
those of the shunt coil, will produce enough lifting effect to reduce 
this large current to a value less likely to do harm to the equip¬ 
ment. The voltage coil of the regulator, in running condition, 
coacting with the series coil, is so designed that the current taper 
on 30-volt systems and 250 ampere-hour batteries is from about 
42 amperes to 20 amperes to produce substantially full charge in 



7 or 8 hours. The continuance of such a charging current will 
ultimately produce a battery overcharge witli its accompanying 
troubles. To obviate this a stop-charge device is introducal. In 
the earlier outfits of the U.S. Light and Heat Corporation, this 
stop-charge device was a battery-voltage-operated relay, which 
would function to cut out resistance in series with the voltage 
coil of the solenoid and make it stronger, so tliat the charge 
would be reduced by the lifting of the solenoid core and there 
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would be a consequent increase of resistance of the shunt field 
circuit of the generator. A second stop-charge method employed 
an ampere-hour meter which, after sufficient ampere hours of 
charge had been supplied to the battery, operated contacts con¬ 
trolling the relay. In the present standard form. Type C, the 
relay has been eliminated and the ampere-hour meter works 
directly to cut out resistance in series with the voltage coil of 
the regulator. The connections shown in Fig. 39 are for the 
latest form. The shunt a around the series coil of the regulator 
is for the purpose of altering the capacity of the equipment. To 



Fig 40. Modified Constant-Polcntial Battery Current Ilegulation 


increase the capacity, the steps across the shunt are increased in 
number. To reduce the capacity the number of steps is decreased. 
The small resistance in series with the voltage coil has two func¬ 
tions, namely: that between X and Y is made adjustable to obtain 
voltage regulation, and that between X and Z is cut out by the 
ampere-hour meter to reduce generator voltage to a battery- 
floating value. The charging diaracteristics of this regulator 
starting with' a depleted battery are as shown in Fig. 40. The 
slight rise in voltage and current shown in the curves is caused 
by heating of the voltage coil of the regulating solenoid, tempera¬ 
ture compensation not being quite complete. 
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Lamp Regulator. The lamp regulator consists of a standard 
carbon-disc type of resistance placed in series with the lamps, and a 
lamp-potential-operated solenoid which varies the pressure on the 
carbons inversely as the lamp voltage, so that at high voltage a 
larger resistance and hence larger IR drop obtains than at lower 
voltages. The adjustment of the regulator is either by change in 
spring tension or in positioning the plunger core. 

Automatic Switch Adjustment. To adjust the automatic 
switch, open the generator fuse and push the plunger up and 
down to see that it works freely and to check up on the condi¬ 
tion of the contact between the laminated copper brush and tho 
contact blocks. The laminated contact brush should bend slightly 
to get a good wiping contact; if it does not, adjust the shims in 
the carrying stirrup until the bending upon closure obtains. The 
automatic switch is adjusted to close at 30 volts; if it does not, 
a proper adjustment may be made by turning up or down the 
castellated nut on the tail rod at the top of the switch. 

Adjustment of Generator Regulator. Before operating the 
regulator examine it carefully to see that it is clean and tliat the 
plunger and lever mechanism work fi*eely. If the dashpot vent 
is opened wide the lever mechanism when moved up and down 
by hand should bounce upon the carbon pile when suddenly 
released. The next thing to do is to see that all the circuits are 
closed and that no lamps are burning. Then as the train accel¬ 
erates, the automatic switch should come in at 30 volts; if not, 
it may be adjusted as already described. Turn the hand of the 
ampere-hour meter, by means of the meter key, to about 25 or 
50 ampere-hours’ discharge condition to make certain that the 
meter contacts are open. Raise the lever of the generator regu¬ 
lator until the disc of the ampere-hour meter comes to a dead 
stop and then open the battery dreuit, either by means of the 
battery switch or by disconnecting the positive wire of the 
-battery at the bottom of the panel. Lower the lever slowly and 
note the voltage of the generator; remove the hand from the 
lever and move the right-hand sliding contact on the resistance 
imit on the top of the panel to its extreme right-hand position. 
The voltage will then come to about 50. Move the slider to the 
left until the voltage is reduced to 45; this is the open battery-. 
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circuit voltage adjustment and the slider should be set up in that 
place. Next, turn the hand of the ampere-hour meter to zero to 
close the contacts and observe the voltage. If this is not 35 
volts, adjust the left-hand slider until such voltage obtains. This 
is the floating battery voltage. Turn the hand of the ampere- 
hour meter back again to indicate a discharged condition and 
observe that the voltage again rises to 45. Close the battery cir¬ 
cuit and note that the voltage drops to some value between 35 and 45 
and that the battery is charging. After this has been done, no fur¬ 
ther adjustment need be made, except to set the hand of the ampere- 
hour meter at the true state of battery discharge. The safest way 
to set the ampere-hour meter is to give the battery a gassing charge 
and then turn the ampere-hour meter contact to full charged 
position. The series coil of the ampere-hour meter should also be 
adjusted. This is accomplished by increasing or decreasing the 
number of shunts connected in at a in the wiring diagram, Fig. 39. 
The best way to do this is with a discharged battery; and to 
decide upon the maximum charging current to be allowed, which, 
in a 250 ampere-hour battery, would be substantially 40 amperes, 
adjust the shunt by increasing or decreasing the number until 
about 42 amperes is indicated as flowing to the battery. Natu¬ 
rally for this adjustment an indicating ammeter is necessary, and 
this could be placed in circuit between the positive battery lug at 
the bottom of the panel and the positive battery lead. In this 
regulator, as in all others provided with battery stop-charge 
devices, the stop-charge voltage-coil control is connected on the 
generator side of the automatic switch, so that opening the auto¬ 
matic switch will cause a full charge rate to obtain for such time 
as tliQ voltage of the system may require it. 

Adjustment of Lamp Regulator. In order to adjust the lamp 
regulator open the dashpot vent; move the lever up and down 
to ’ see that the mechanism is free. Examine the carbon-pile 
resistance to see that the carbons are in perfect shape; thoroughly 
clean them. There should be 32 standard discs. The conical 
compression spring should be tested for strength and should 
compress at about 10 pounds, a departure of plus or minus two 
pounds is the limit; if this is exceeded, a new spring should be 
obtained. The pistons and dashpots should be tested as follows: 
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Set the dashpot on a level surface and place the piston itself in 
the dashpot; close the dashpot tight and note how long it takes 
for the piston to travel its full distance in the dasli])ot. This 
should be from 50 to 60 seconds. Rei)la(‘e the piston and the 
dashpot in their working positions. Adjust the seax'w and the 
vertical member of the bell crank lever until its long arm just 
begins to move downward. Turn on the smallest Ia,mp load and 
adjust the tension spring nut until the potential at the lami)s is 
31 volts. The final spring adjustment, however, should not be 
made until the regulator and the carbons arc fairly warm. This 
condition will obtain after about one half hour’s operation at full 
load. Check the adjustments at different lamp loads and use 
that spring setting which gives the best average lamp voltage 
approximating 31 volts. 

Indications of Trouble. 1. Should the battery show signs 
of overcharge, such as softening of the positive plates, excessive 
gassing or excessive evaporation, it indicates that the stop-charge 
mechanism is not functioning. This may be caused by (a) con¬ 
tacts of the ampere-hour meter being broken; (b) lea.ds to the 
ampere-hour meter being broken, or sticking of the regulator; 

(c) the shunt coil being broken, in which case the rate of charge 
is so high as to blow the main fuses. 

2. Should the battery show signs of undercharge, such as 
low specific gravity or sulphated plates, it would indicate too 
strong a voltage coil. This may be occasioned by (a) improper 
setting of the adjusting resistance; (b) short-cir(*uit between 7j 
and Z, or X and F of the adjusting resistance in the wiring 
diagram. Fig. 39; (c) frozen contacts in the ampere-hour meter; 
or (d) high resistance contacts in battery circuit which may 
cause sufficiently high voltage to reduce charge rate. 

3. Failure of the ampere-hour meter to show any charge 
going to the battery (assuming the ampere-hour meter to be in 
proper condition), may be due to (a) failure of dynamo to gen¬ 
erate as caused by open field fuse or break in field circuit; (b) 
poor brush contact on the commutator; (c) automatic switch 
being broken in shunt-coil winding or contacts being burnt; 

(d) armature circuit fuse being open; (d) belt slipping or being 
broken. 
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4. To test if the generator is operating satisfactorily, a 
voltmeter may be placed across the generator leads and the 
voltage noted. If this is correct the trouble is either in the 
generator main fuse or in the automatic switch. The generator 
may be motored to determine if it is all right in all its parts. 
Slacken belt tension by loosening up on the tension springs; slip 
off the belt and turn the armature by hand several revolutions 
in one direction; apply full pressure to the field rheostat; remove 
armature fuse; block automatic switch in closed position; and 
replace armature fuse. Remove blocking of automatic switch. If 
the switch is O.K. it will hold itself closed. If the generator is 
O.K. it will rotate very slowly as a motor; the motion may be 
accelerated by gradually raising the regulator core. To determine 
if the generator will motor in the opposite direction satisfactorily, 
increase the compression on the carbon pile to its maximum and 
then pull the armature fuse. Rotate the generator armature by 
hand several turns in the reverse direction so as to rock the 
brushes over; then proceed as before with the regulator. If the 
motor is in proper condition for this direction of rotation it will 
revolve slowly at first and finally accelerate as the core of the 
regulator is raised. If the armatm*e rotates properly in both 
directions with these tests, it shows that the generator brush 
rigging and field circuits are operative and properly connected. 

In all these tests it is naturally assumed that the battery has 
been properly connected as regards its polarity; this may be 
checked by placing a voltmeter across the automatic switch when 
the same is open. If the voltmeter indicates substantially zero 
volts, then the battery is properly connected. If it indicates sub¬ 
stantially twice battery voltage with the train under way, then the 
battery connections are reversed. If the generator closes its auto¬ 
matic switch with battery reversed, the armature fuses will prob¬ 
ably be blown, because this would constitute a double voltage 
short. The positive battery terminal must always be connected 
to the plus battery terminal of the switchboard or to the plus gen¬ 
erator terminal of the switchboard, depending upon the particular 
marking employed. 

5. If regulators are sluggish or hunting, this is due to 
improper setting of dashpot vents. 
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STONE-FRANKLIN CAR-LIGHTING EQUIPMENT 
The Stone-Franklin System, known in England as the Stone 
System, after its inventor, is one of the first successful train¬ 
lighting equipments developed, and is unique in comparison with 
liose considered in the preceding chapters, in the method of gen¬ 
erator and lamp-voltage regulation employed. 

Generator. The axle-driven generators are shunt-wound, 
40-volt machines, of 1.6 kw. and 3 kw. respectively. They are 



Fig 41. Stone-Franldin Generator with Dust Cover Removed 
Courtesy of Franklin Railway Supply Company^ Neio York 


provided with ball bearings and fianged pulleys. Their general 
appearance is as shown in Fig. 41. 

Suspension. The generator suspension, Fig. 42, is substan¬ 
tially a body-hung type. This suspension in connection with the 
belt constitutes the generator regulator. The output of the gen¬ 
erator depends upon the amount of belt tension adjusted by the 
handwheels I and R; the former is used to increase and the latter 
to decrease the tension^ and hence the output. The generator is 
provided with a tension indicator which is moxmted upon the 
machine housing at the commutator end, as at B. This indicator 
comprises a curved tube having an indicator ball within it. The 
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tube is provided with index marks to show the inclination of the 
generator to the right or left of a vertical line through its shaft. 
For full output the handwheels I and R are rotated on their 
spindles until the steel ball assumes its position under the “full 
indication.” The belting must not be of rubber, as this does not 
slip freely enough, but should be of heavy canvas or its equivalent; 
that recommended by the Stone-P’ranklin Company is known in 
the field as “Frysco” belting. 

Generator Regulator. The generator regulator action is as 
follows: Suppose the train to have passed the critical speed at 
which the automatic switch closes and upon which the battery 
will begin to charge. However, as the car accelerates, the genera¬ 
tor load will increase until the driving effort exercises more than 



Fig 42 Suspension and Regulation Devices of Stone-Franklin System 


full-load belt tension. This draws the generator closer to the truck 
and reduces the belt tension, allowing it to slip, thus keeping the 
generator output substantially constant. Should the train slow 
down, the belt-pull momentarily decreases; the generator, how¬ 
ever, owing to its suspension, will tend to swing away from 
the truck, increasing the belt tension and bringing the generator 
output up again. Thus, if the battery is receiving a charge, the 
flow of current to the battery for short intervals would be sub¬ 
stantially constant; but as the battery approaches full charge with 
a corresponding increase of voltage, the current will gradually be 
decreased, owing to the fact that the generator can only carry a 
constant load. Similarly, if a lamp load is turned on, the genera¬ 
tor will furnish current to the lamps through ballasting resistances. 
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and the battery rate of charge will also diminish, though the 
total load on the generator will remain substantially constant. 



Kg. 43. Arrangement of Stone-Franklin Car-Lighting 
System for Passenger Oar laghtmg 
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Panel Arrangement for Passenger G)ach. The Stone- 
Franklin Company for standard passenger coaches employs what 
is known as its Type D panel. Fig. 43. This equipment is used in 
connection with two sets of batteries, one of which is connected to 
the generator and receiving charge while the train is under way; 
the other, if lamps are burning, has the lamps connected across 
its terminals, though this lighting battery floats on the generator 
line. If no lamps are burning with the main lighting switch open, 
both batteries are charged in parallel. The generator and panel 



simplified wiring diagram is shown in Fig. 44. The operation of 
the system will be described by considering the latter diagram. 

Examination of this diagram shows an automatic sw'itch of 
the usual type with series and shunt windings. At the top of the 
automatic switch is a short-circuiting lever arm L which, when the 
generator is operating below cutting speed, falls and short-circuits 
the resistance X which is located between the generator circuit and 
the battery to which the lamps are connected. The short- 
circuiting of this resistance X places the second battery in parallel 
with the first, both carrying the lamp load when the train is stand¬ 
ing idle or operating at a low speed. 
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As the train accelerates, the automatic switch comes in, the 
lever arm L is lifted by the plunger core of the automatic switch 
and inserts the resistance A' in series between the generator and 
the battery B, which becomes a floating battery and fixes the 
lamp voltage. The battery A will be connected directly across the 
generator through the contacts of the automatic switch, through 
the series coil of the automatic switch through lead 4^ through 
change-over switch to lead 5, lead <9, ampere-hour meter, and lead 
1. The ampere-hour meter is arranged to operate a relay which, 
upon closure of the contacts of the ampere-hour meter at full bat- 
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tery charge, inserts a resistance in the generator field and makes 
it inactive. 

The change-over switch employed on the Type 1) panel or 
double-battery outfit alternates the batteries A and B with refer¬ 
ence to their electrical position in tlie system every time the train 
starts, and in this manner a substantially, charged battery is 
always connected across the lamps. The operation of the change¬ 
over switch is as follows: This switch is provided with a shunt 
winding across the generator terminals on the generator side of the 
automatic switch, Fig. 45. Tlius every time the generator voltage 
falls on stoppage of the train, the core 0 of the change-over 
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switch will drop, clearing the stud below, as its pivoted support 
will allow the hook to swing off. However, as the train accelerates 
and the cut-in voltage is reached, the core of this switch is raised; 
the hook at its extremity engages with the lower stud of the pole¬ 
changing disc and raises it one-fourth of a turn. This will shift 
the connections from the battery, which has been undergoing 
charge, to that which has been acting as the lamp-floating battery. 

Lamp*Voltage Regulation. The lamp-voltage regulation, 
while the train is in motion, is obtained by the divided batteries. 
The lamp current is furnished by the generator when the train is 
operating, the current passing through suitable lamp resistances 
which are placed at the top of the frame of the Type D panel, 
Figs. 44 and 45. These resistances are adjusted by. the manufac¬ 
turer to insure the current being supplied by the generator. The 
resistance tubes are held between the two bus bars, the lower one 
being connected to the high voltage lead 4 while the upper bus is 
connected to the 3()-volt side, or the plus terminal of the floating, 
battery. There is no regulation of lamp voltage to a substantially 
constant value; thus when the train is making a long stop and the 
battery is discharging, the lamps would gradually burn dimmer 
and dimmer. 

Pole«Changing Switch, Like all battery-charging generators 
of the shunt-wound character the polarity of the generator ter¬ 
minals must be corrected for change in direction of rotation. The 
means employed in this machine are similar to those used by the 
Safety Car Heating and Lighting Company, and by the U. S. Light 
and Heat Corporation, namely, a ball-bearing supported brush 
rocker ring, which is dragged around by friction between brushes 
and commutator to the position necessary for the existing direction 
of rotation. 

Indications of Trouble, 1. Should the ampere-hour meter 
show heavy battery discharge after a run, look for faulty belt 
tension, and increase the same if the indicator is reading below 
‘ffull.'^ 

2. If the belt tension is found to be correct, inspect the 
armature circuit and field fuses. 

3. If these are found to be correct, test out automatic switch 
and see that it makes proper contact and closes at about 34 volts. 
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4. The generator may fail to charge the batteries because of 
frozen contacts of the ampere-hour meter, which would keep the 
resistance F in Fig. 44 in series with the generator field circuit and 
thereby cut down the generator output. 

5. Should the ampere-hour meter show full battery charge 
and lamp voltage be found low, examine the resi.stancc short- 
circuiting brush L and see that its contacts are clean; if this is 
O.K., the trouble may be in the resistance units, some of which 
might be open-circuited. 

6. The shunt winding of the change-over switch may be 
open-circuited so that the batteries are not shifted from charge to 
floating value after various train stops. In this manner the float¬ 
ing battery would always be in a discharged condition and when 
the train is running the lamps burning therefrom would be dim. 
If this condition obtains, one battery would show signs of over¬ 
charge and the other would have low specific gravity and signs of 
undercharge. 

7. If both batteries show signs of overcharge (high specific 
gravity and considerable evaporation), this is caused by broken con¬ 
tacts in the ampere-hour meter or by open coil of the ampere-hour 
relay, which would prevent the operation of the stop-charge device. 

8. Low voltage of the lamps may also be caused by poor 
contacts in the battery circuit, poor contacts in the change-over 
switch, excessive circuit or short-circuit in some of the cells, or 
by poor contacts on main lamp switch. 

9. The generator circuits may be tested by motoring the 
generator. This may be done after slacking up the tension and 
removing the belt by closing the automatic switch. If the genera¬ 
tor rotates properly in this direction, rotate the armature in the 
reverse direction several turns by hand and then close tlie auto¬ 
matic switch again. If the machine rotates properly in this direc¬ 
tion as well, it may be assumed that the generator is operating 
satisfactorily. In making this test be sure that the ampere-hour 
meter hand is away fr(jpDt zero and that the relay contact at ii in 
the figure is down so that the resistance F is short-circuited. 
Never withdraw field fuse while motoring generator. 

Test on Battery Change>Over Switch. Remove the generator 
main fuse and alternately open and close the automatic switch, the 
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disc of the change-over switch makes one-fourth of a revolution 
every time the automatic switch is closed, if operating properly. 

Ampere-Hour Meter Adjustment. If the ampere-hour meter 
reads zero and the lamp voltage is below its proper value, or the 
specific gravity of electrolyte of the battery is below full-charge 
value, this indicates that the battery and the ampere-hour meter 
are out of step. The meter and battery may be brought back 



Fig. 46 Stone-Franklin Baggage Car Panel, Type S 

into step by setting hand of ampere-hour meter back 25 per cent 
of the dial. Repeat the procedure until the lamp voltage is at 
normal value when the ampere-hour meter is at zero, the specific 
gravity of the electrolyte is up to full charge, and the cells are 
gassing. 

The Stone-Franklin Company also makes up a simple baggage 
car lighting outfit. This comprises the small size of generator and 
a simple switchboard panel as shown in Fig. 46. No real lamp 


287 












72 


ELECTRIC LIGHTING OF TRAINS 


regulation, however, is attempted here. Ilesistanoe is placed in 
the lamp circuits, when the battery is charging, to protect them 
from the high voltage, and it is removed when this condition does 
not obtain. The contact at the top of the auttnnatic switch is 
opened on charge and cuts the resistance tubes into circuit; and 
when the automatic switch opens the top contact closes, short- 
circuiting the tubes. Naturally on long stops the lamp brilliancy 
of both systems will diminish as the battery discharges. 

THE ELECTRIC STORAGE BATTERY COMPANY 
CONSTANT-VOLTAGE AXLE LIGHTING SYSTEM 


The Electric Storage Battery Company Axle Lighting System 
differs from all the others discussed, in tliat it is a pure constant- 



potential system, and when the lamps are burning the voltage at 
the battery is the same as that at the lamps. 

Generator. The generator is designed for a constant voltage 
of approximately 33| volts with 15-cell equipments, and has a 
maximum current capacity at that voltage of about 80 amperes. 
The generator is built on what is known as the Rosenberg prin¬ 
ciple, that is, its main field is produced by a magnetomotive force 
developed by the armature winding. The general construction and 
circuit connections of the generator are shown in Fig. 47, The 
strikmg features of this machine are: (a) the large pole shoes slot¬ 
ted at their centers; (b) the small cores or necks; (c) the .set of 
short-circuited brushes, as well as the brushes which are con- 
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nected to the load. These latter brushes, to distinguish them 
from the first set, are called the load brushes. The pole cores are 
provided with two windings. One winding S is in series with the 
load, the second winding F, termed the control winding, is con¬ 
nected across two points of a Wheatstone bridge, which in turn is 
connected at its other points across the generator terminals out¬ 
side of the series field. This latter field winding F provides the 
primary field excitation controlling the voltage of the generator. 
The flux path of this winding is the same as in any direct-current 
machine from one pole through the armature core, through the 
opposite pole and back via the yoke to the 
starting point. Under normal operating condi¬ 
tions this magnetic field is comparatively weak 
and produces only a low-voltage difference be¬ 
tween the short-circuited brushes, A and B, 

This low voltage, however, produces sufficient 
armature current to develop a considerable 
magnetizing force. This magnetomotive force 
produces a field at right angles to that set up 
by the field windings. It passes through the 
armature and the pole shoes, as shown by the 
arrows. This secondary flux produces the de¬ 
sired voltage across the load brushes C and D. 

The Rosenberg generator requires no pole¬ 
changing device, because its polarity is inde¬ 
pendent of direction of rotation. This is owing 
to the fact that the voltage generated across the 
short-circuited brushes by the primary field is reversed, and the arma¬ 
ture current flowing between the brushes A and B is therefore 
reversed in direction and thus the voltage across the brushes C and 
D is maintained correct. The regulation toward constancy of 
potential is due to the winding, F, connected, as already explained, 
to two,points of the Wheatstone bridge. The bridge has two of 
its opposite arms composed of fixed resistances, and and 
two of iron wire filaments enclosed in glass bulbs filled with hydro¬ 
gen. These , are called ballast units and are made up as shown in 
Fig. 48, four of such units in parallel being employed in each of 
the arms FF of the Wheatstone bridge. Iron wire, when operat- 
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ing at a dull-red heat, has a very large temperature coefficient, and 
its resistance will vary considerably with small changes in the 
heating current. The design of the bridge for the standard 
15-cell equipment is such that when the generator voltage is 
volts the resistances of the arms X and Y are substantially equal. 
No current will flow through the field winding F, Fig. 47, under 
this condition, because the points 0 and P are of the same 
potential. If the voltage is lower than 33-| volts, the resistance of 
the arms Y is less than that of the arms A', consequently they 
will carry more current, and this excess will flow through the field 
winding F from P to 0 strengthening the field winding and bring¬ 
ing up the voltage. As the voltage of the macliine increases, P 



Fig. 49 Characteristic Volt Curves of Electric Storage Buttery Gonorator 

and 0 approach each other in potential and the field excitation 
becomes less and less; and when the voltage of tlic machine tends 
to exceed 33i volts, the resistance of the ballast units will be 
greater than that of the fixed resistances, and more current will 
flow through the arms XX of the bridge than through FF. This 
excess current flowing through the field winding F from 0 to P 
counteracts the residual magnetism and holds the voltage of the 
machine down and brings about its regulation to constant poten¬ 
tial. Characteristic voltage curves of this machine arc given in 
Fig. 49. The function of the series winding is to protect the 
machine against overload. 

Generator Suspension. The Electric Storage Battery Com¬ 
pany provides both body and truck suspensions. The former sus- 
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pension, Fig. 50, is substantially of the link type with standard 
belt tension spring. The body-hung machine is suspended by two 
supporting lugs, cast on the generator frame. These lugs are 
bushed, and a steel bar is passed through them, and this bar is in 
turn carried by the underframing of the coach. The belt tension 
is provided with a stud and spring. The general arrangement is 
shown in Fig. 51. 

Regulator Panel. The generator control panel is shown in 
Fig. 62. Upon it are mounted the automatic switch and the arms 
of the Wheatstone bridge. The eight ballast resistances are at the 
top of the board, and their corresponding £xed resistance imits are 



]B^g. 50. Link Truck Suspension 

Coufttsy of The Electric Storgige Bait&ty Company, Philadelphia, Pennsylvania 

at the right- and left-hand sides of the board respectively. In 
addition to this, there is mounted upon the board a resist¬ 
ance unit which is in series with the shunt coil of the automatic 
switch, and one in series with the Wheatstone bridge. The posi¬ 
tive terminal of the Wheatstone bridge may be disconnected from 
tlie generator and connected to the battery positive side by 
means of a double-throw switch. The normal position of tlie 
switch is naturally the former connection; the second position is 
one for testing purposes, as it will permit the sending of a current 
tlirough the bridge from the battery when the coach is not under 
way. This current in a few seconds heats the ballasts and fixed 
resistances. By feeling these it can readily be determined if they 
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are in operative condition. This connection will also send a con¬ 
siderable current through the control field winding and ensure a 
stronger residual field. The diagram of connections, Pig. T):!, 
illustrates this connection, the switch being normally in the dotted 
position. The automatic switch is of the solenoid type and is pro¬ 
vided with three windings, namely, the normal shunt coil »S\ the 
pull-in coil P, and a series winding R. The shunt coil at normal 
voltage is not of sufficient strength to close the automatic switch. 
It requires the assistance of the pull-in coil. This coil is con¬ 
nected by means of the auxiliary switch shown at the top of the 
automatic switch, between the generator and the battery positive 
temainals. The magnetizing coil of the auxiliary switch is in 



Pig. 51 Body Suspension of Electric Storngi* Bafctcjry Company CJoucrntor 


series with the shunt coil S. When the generator ])otcntial exce(‘ds 
20 volts the current flowing through the shunt coil and the auxil¬ 
iary coil is sufficient to close the contact and put the pull-in coil in 
circuit. As long as the battery voltage is higher than that of the 
generator voltage, the magnetizing force of the pull-in coil P 
opposes that of the shunt coil and the automatic switch will not 
dose. However, when the voltage of the dynamo e,xceed 3 that of 
the battery by substantially one volt, the current in the pull-in 
coil produces a magnetizing force coacting with that of the shunt 
coil; the resulting lifting effect is sufficient to close the auto¬ 
matic switch thus connecting the generator and battery. The 
closing of this automatic switch is therefore determined by the 


292 









ELECTRIC LIGHTING OF TRAINS 


77 


battery voltage, and will allow the connecting in of the generator 
for charging purposes at a lower speed when the battery is 
depleted. The generator is disconnected from the battery by 
means of the automatic switch whenever the generator potential 
falls below that of the battery. 



Fig 52 Regulator Panel 

Courtesy of The Electric Storaue Bait&ry Company, Philadelphia, Pennsylvania 


At the lower left-hand corner of the generator panel, Fig. 52, 
is located a fixed resistance which is in series with the shunt 
winding of the automatic switch. This resistance has a zero 
temperature coeflScient and serves to limit the effects of tem¬ 
perature on the operation of the automatic switch. At the lower 
right-hand corner of tlie panel is a voltage-raising resistance unit 
which may be short-circuited by a rod placed directly below it. 
This resistance unit is in series with the Wheatstone bridge and is 
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normally short-circuited by the switch and by an i'xtra blad<' on 
the lamp switch. When the switch //, 5:5, and the lamp 

switch are both open, the resivstanco at // is no haigcr short- 
circuited. The drop in this resistance lowers tlu' volta^t* appli<‘<l 
across the Wheatstone bridge; and in order to r(»store th(‘ lattta* to 
its normal balance value, the voltage of tlu" uia<*hin<‘ will bt^ 
increased by an amount equal to the drop in ilio r<‘sistance at //. 
This arrangement permits the voltage ol the machine to Ix^ 
increased during a daylight run when no lamps an^ burning, In 
order to give the battery a high rate ol charge^ slaMild this 1 h^ 



Fig. 53. Connections for Electrio Storage lialitTy Company Axl<* Hyatcm 


necessary. However, when the lightinfi; switch is tlu* resist¬ 

ance at II is immediately short-circuited, and tlic g<‘ncrator volt¬ 
age is reduced to normal lighting value. 

Since this system is a constant-potential charging one, no 
stop-charge device is necessary to protect the battery from over¬ 
charge. Means must be introduced, however, to raise the voltagi* 
of the generator should the battery be in a snlphated condition or 
should climatic temperature changes occur. This adjustment can 
be made by the resistance R if desired. 

Indications of Trouble. 1. Should the battery show sigms of 
overcharge, this is likely to be due to failure of the control field 
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winding F, Fig. -I", to function. For instance, should resistance 
arm A'* be broken, tlu^ cumnit will always flow through tlie field 
winding F from the i)oint P to 0, in which case constant-potential 
<-harge <-haracteristi(; will be eliininat<>d. This defect would be 
shown by lamp voltage rising and falling with speed. Similarly, 
should the geiu'ralor fail to cnit in (iseepting at very high speeds, 
failure'' of resistance A’® would be indicated; or, conversely, the 
ballast y r r('sistun<‘<‘s may bi! broken or out of adjustment. 

2. Battery ov('rcharg<5 may also obtain if resistance R, 
Fig. -IT, is broken. ’’I'liis difllculty would entirely destroy the 
action of the rc'gulator field and cause battery overcharge when 
lamps art^ not burning. A rising and falling of lamp voltage, 
however, will not obtain when the lamp switch or the switch 11 
is cIoshI. 

li. An open circuit in the mmections of the field F, Fig. 47, 
would destroy the regidating properties of the machine as in the 
above <'ase, excepting that the regulating properties would not be 
restored upon closure* of the lamp switch. Whenever the above 
conditions obtain it is therefore advisable immediately to test out 
the bri<lge and tlui field winding F. This may be done by throw¬ 
ing the t(>st .switch on the control panel so that it will place the 
battery acro.ss the Wheiitstone bridge, and reading the voltage 
acro.ss the points 0 and P. If the indication is 2 to 3 volts the 
field circuit is O.K., the po.sifive terminal of the volt-meter being 
cotnu'cted to P. An open field circuit would be indicated by a 
reading of (> to S volts, and reversed readings of any value would 
indicate failure in sonu^ of the arms of the Wheatstone bridge. 
These may be <>hecke<l by (‘omparing the voltages across the sim¬ 
ilar arms, which natijrally shoidd be substantially the same. 

4. Battery undercharge may also be due to the failure of the 
automatic switch to close, exct'ptiug at excessively high speeds. 
This difficulty may be occasioned by an open circuit in the shunt 
coil winding. 

f). Battery undercharge may also be due to failure of gen¬ 
erator to build up. This may be occasioned by brushes A and B, 
Fig. 47, not making contjict or by an open circuit between them. 
Under this condition the generator will fail to maintain fixed 
polarity independently of direction of rotation. 
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6. Battery undercharge may hu caiise<l hy liigh'-r(‘sistan(*e 
contacts in battery line or at battery terminals^ or by tli<* prt'staict* 
of sulphated plates. These defec‘ts n^duee the ratt^ of <*harg(\ and 
in a given run prevent proper charge. 

7. Low voltage, and therefore battery uuder<‘liurg(\ may 
result from short-circuiting of part of resistan(*<^ /f, Fig. •">*». 

8. Battery overcharge, yet low voltage at lumps, wluai (*ar is 
idle, may be due to short-circuit in some of the c<'lls, diu^ to s(‘di« 
ment or other foreign matter. 

>PEAD»END TRAIN^LIQHTING SYSTEMS 

Head-end train-lighting .systems are those in \vhi<‘h only one 
generator unit obtains per train, instead of owo ])vr ear. Each 
coach, however, has a storage-battery equipment wln<*h is <*harg(‘d 
from the generator unit while the train is luah^r way, ami \vln<*Ii 
supplies current for the lights of the coach when the train is stand¬ 
ing still or the individual car is cut off. 

The term ^'head” was derived from the fuel that tin* giaua*- 
ator unit was located in the first ear of the train usually tlu^ 
baggage car—though it may be located anywlnTe in tlu‘ train. 

Equipment. The generator may <Iriv('n by any priin<‘ 
mover. In modern practi(‘e, however, the driving devi(*(' is usu¬ 
ally a high-speed steam turbine operating at o()()0 or loOO r.p.m. 
on 60 pounds steam pressure. The generator is usually dt‘.signi*d 
for a 32-cell battery, giving therefore 80 volts and LM amp('r(‘s, 
that is, 20 kw. capacity. There is no essential diilVrenc(‘ h(‘tw(‘<‘n 
any of the turbo-generator equipments or in tlu'ir (nnsiit <*omu‘('- 
tions except that one system, ^-1, uses one batt(n\v pt‘r coach, and 
the other, B, two sets of batteries in paralK^'l p(*r coach. Thv 
power distribution throughout the train is by a 3-wire tniiu liiu‘ 
two negative leads and one positive. The lamps are gemu'ally 
connected between the outside negative and the common po.siliv(s 
while the batteries are connected between the middle licgative and 
the common positive. 

The connections of one of the standard A types of liead- 
qnd lighting systems are shown in Fig. 54. It is to be notcui 
that the switchboard equipment of this system ivS substantially 
that of any small isolated power plant furnishing current to charge 
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a battery and to operate lamps. It has a main generator switch, 
S, a reverse current circuit-breaker CB, an amiueter to gi\'e gen¬ 
erator output, 6A, one to indicate lamp load curixMit, LA, a 
voltmeter to indicate lamp, battery, and generator volts, and a 
resistance in lamp circuit, LR, by means of which lamp voltage 
is controlled. 

Operation. Crack main steam valve, open drip.s, and let 
steam blow through prime mover to heat it up. Then elo.se drips, 
open main valve, and bring generator up to .speed. Head battery 
voltage, dose circuit-breaker, adjust generator voltage by uusin.s ol 
field rheostat to one-half volt more than battery voltagis and dost 
main switch. Adjust generator field rheostat until tlesircd eharg- 



rig. 56. Turbo-Generator for Engmo lleiul-Knd (AKhting Hyntexu 
Courtesy of The PyU^Nalioml Company, Chicago, lUiiuns 

ing current flows to battery. During this starting it is advisable 
to check lamp voltage from time to time and to hold it constant 
by resetting lamp dreuit resistance. 

Axle-Driven Head-End System. The Gould Coupler < Com¬ 
pany manufactures a head-end lighting system, the regiilator mem¬ 
bers of which, both as to gener<^or control and lamp vtjltage 
regulation, are substantially the same as that of the standard 
Simplex outfit, excepting for larger capacities and higher voltages. 
The generator is slightly compounded, has intorpoles, is chain- 
driven, operated between 300 and 2100 r.p.m., and is rated as 20 
kw. at 80 volts. The train connection composes the standanl 
3-wire line, with batteries connected to the common podtive and 
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tlio iH'f'utivo: whik- th(> lunip loads arc coiiiu'ctod to the 

coniinoii positiv(‘ and the outside negative. The e(tniU'etioii>s of 
this eciuipment are shown in Fig, The adjustment of tliis 
outfit, the possible troubles with it, and means for their deteetion 
are tlu' same us eonsulensl in e<»nneetiou with the Shuple.x equip¬ 
ment on [Wges .">1 and bo. 

Locomotive Headdind Lighting System. Loeotnotive illumi¬ 
nation for hea<llighl and <*ab lamps is rre(inentl.v supplied by 
eh'etrie <-urrent. One of the .siinplt'si .systems comprises a small 
turbo-geiu'rator tsiuiimient m<»unted on the boiler just ahead of 
the <'ab. This e<(uipm<'nt comprises a high-spe<‘d steam turbine 
operating at about 1(K) i)ounds’ .steam pressure and at 2100, 3000, 
or 1<S00 r.p.m., <lriviug a small bipolar generator. The headlight 
is tisnally a small are lamp with foeusing coils and largo reflector, 
d'he cab lighting eomprist's three to four ineandeseent lamps. The 
ai)paratns is siinj)l(', rugg(“d, and easy to maintain. 'I’lie aupcar- 
anee of a standnnl (spiipment is shown in Fig. bO. 

MAlNTl-NANCn OF EQUIPMENTS 

The action of the rt'gulators, their adjustment, and the 
troubles which may tx’cur to tlu'in have already been considered 
in the preceding sections. This s('<‘tion will therefore be devoted 
to the e<»nsid<'ra.lion (if the maintenanee of suspensions, generators, 
and butt (Ties. 

Suspensions, 'rhese should fr('(|uently be examined to see 
that all nuts, bolls, and otluT fittings are tight and securely 
lo(‘ked. All suspensions or rocking points should be regtdarly 
inspected and lubricated. Plug openings or grt'use cups are pro- 
vid(‘d in ail eases for this purpo.se. The lubricant may be heavy 
oil or graphite paste, as <lir(‘el(>d by the installing cs)m])any. At 
such tinu's as tlu* generator is given its periodic overlund, all sus- 
p(*nsion pivots, bushings, etc., .should be e.xamined for wear and 
all worn parts should be replaced, as their continued use will 
eau.se loss of alignment and exe(‘s.sive belt wear. 

Generator Inspection. At the end of long runs the generator 
.should bo examined so as to determine if the pulley is on tight. 
This condition is important because a loose pulley will throw out 
the alignmeyt and shorten the life of the belt. The pulley should 
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be secured. Bearings should be examined to s«'e that tlu'y Iiav(' 
not been cut and that there is sufficient lubricant pii'st'ut. ^riic 
commutator should be examined for signs of wear, sparking, et<*. 
If the indications of sparking arc pronounced, the genenitor should 
be examined for high mica between the commutator bars, open 
coils, or defective brush settings. The briislu's should be lii'tt'd 
and the appearance of their contact surfaces noti'd. If they do 
not fit properly they must be grouixl in. 'The commutator and 
armature as well as the fields should be looked over for signs of 
overheating, and if such is apparent the causes should be locatcsl 
and removed. 

Sparkiiig. The causes of .sjjarking are: 

1. Improper brush Hotting 

2. Overload on maclune 

3. Open coil in the sirmaturo winding 

4. High mica between commutator bars 

6. Worn, rough, or oocmtric commutator 

6. Dirty commutator 

7. Improper fit betwei'n briwhi's and brush holder 

Items 1, 4, 5, 6, and 7 are apparent upon inspection and 
should be remedied. Brushes must be aligned jiaralUd to the 
bars. In the case of 2-pole machines, there mu.st be IHO degrees 
between centers of the brush sets, and in the ease of -l-pole 
machines, there must be 90 degrees. In the case of <’oinmutating- 
pole machines, the brushes must be .set to commutate coils (‘.xadly 
under the center of interpole, and in the ease of non-commutating- 
pole machmes, the brushes must be givim projier angle of lea<i for 
.sparkless commutation. This angle of brush lead <‘an only be 
determined by test, and when rotating brush sets are list'd tin' 
stops must be so set that this windition obtains as the brushes 
are rotating. 

Overload on the machine should not occur unless the rt'gu- 
lating apparatus fails to function or short-circuits occur in the 
generator wiring between the generator and the regulating appara¬ 
tus; consequently this wiring should be examined for grounds and 
short-circuits. 

Open coil in the armature winding will produce pronounced 
burnt spots on the commutator bars on either side of the open 
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coil. But sometimes if the coil has been open for a considerable 
period the commutator becomes so damaged that the open coil 
cannot be located by inspection. The exact location of the open 
coil may be determined by the followmg simple test: Pass current 
through the armature from the plus to the minus brushes (this 
current may be about half-load current) and with a voltmeter 
measure the drop in voltage from bar to bar. When the terminals 
of the voltmeter span commutator bars which are connected to 
sound coils, the voltage reading will be extremely small; if how¬ 
ever, the terminals are connected across the bars of the open coil, 
or coils, the voltmeter readings will be substantially those of the 
test voltjige across the brushes of the machine. Temporary repairs 
may be made by placing a strap across the two open bars. High 
mica which may be felt by the finger nails or a quill should be 
cut down. Worn, rough, or eccentric commutators can only be 
(•orret“ted by turning down. Dirty c-ommutators must be cleaned. 
Wrong-fitting brushes or brush-holders must bo replaced. 

Ocerhmtiiig. Tlie causes of overheating of the generator arc 

I, Uiihbluj; of t.hc aniuiUirc upon the polo-core fiicos 

2 Short-circuited arniaturo coils 

3. FjXcoSvSIvo boariiiji, friction 

1 Holt Hlipi)af»o 

5. "roo much biTLsh friction 

() S])arkinji, 

7 Ovtu’load 

The particular trouble should be located and removed. 
Whether or iu)t the armature rubs upon the pole cores may be 
determined by exciting the field winding and rotating the arma¬ 
ture by hand. The trouble may be caused by loose pole cores 
by a slightly bent shaft, or by foreign material in the air gap of 
tlie machine. If this rubbing is noticed the exact cause must be 
detcrmiiu'd and eliminated. 

To locate short-curcuited armature coils may call for a special 
test, though if the short-circuit is pronounced, the coil may he 
located by inspection, as its insulation will be cluuTed and differ 
in appearance from its companion coils, A short-circuited coil 
may be exactly located by a bar-to-bar test as follows: 

('onncct four or five dry cells in series (or si'veral small 
storage batteries), an<l put them in scries with an ammeter. Gou- 
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nect the free end of the ammeter to a st<‘el towting prod, and tlu' 
free end of the battery to another tcHting prod. Ihwss these 
testmg prods upon adjacent commutator hai's and note the (iirrent. 
Continue this on all adjacent commutator bars aroun<l the arma¬ 
ture. When the test prods are pressed upon the bars at. the 
terminals of the short-circuited coil the current, as indicated 
by the ammeter, will be much greab'r than tlnit in tlu* other 
instances. A temporary repair for a short.-eir<“uit('d <-oiI may la* 
made by cutting the coil from its wnnmutator bars and eomu'cting 
the bars of the coil together by a small atrip of <‘opper si-eured 
to both of them. 

Bearing friction may be detected by turning the maehine l)y 
hand with belt off. If friction is present it must la* rc‘mov<'d. 
Too much brush friction is caused by too gr<'at a ft'nsi«)n on tlu> 
brushes. This tension should not exceed from IJ to 2 pounils 
as a maximum. 

The causes of sparking, their detcTinination, and correct ion 
have been given. 

The causes of overloading, with a geiu'rator desigmsi to 
operate with a system, have been given. If tlu* generator is too 
small for the equipment, it should be remove<l aiul r<‘plaeed. 

Storage Battery Inspection. The .storage battery should he 
inspected from time to time (a) to <let(‘rmine s])eei{i(‘ gra\'ity of 
the electrolyte; (b) to coiTcc*t for evaporation of <‘l(‘etrolyte; (<*) to 
see if the cells are cracked or losing electrolyte by l(‘akiigi‘; (d) to 
note tlrat all battery connections arc firm and not being all'eeted 
by corrosion. The voltage of cells should he fr<‘(ju('ntly read to 
determine that none ai'C short-circuited, sidphated, or re^’ersed. 

The specific gravity of the electrolyte of a storag<i battery <»f 
a lead type is the best indication as to whetlu'r the <'ells are 
charged or discharged. If one cell of a group is found with low 
specific gravity while the others are high, it would indicate that 
this cell is short-circuited and suffers from internal disehnrg<! or 
that it is sulphated. Such a cell should bo removc'd from tlu> 
battery and be replaced by a sound one. The spc'cific gravity 
readings are also of considerable value if an ampereshour meter 
is used, and from time to time such readings should be taken to 
determine if the ampere-hour meter and the battery charge are in 
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stop with each other; if they are not, steps should be taken to 
reset the ainpere-liour meter. This may be done most readily by 
givin/if the battery a gassing charge and setting the ampere-hour 
metier index to the full charged point. Correcting for evaporation 
is very important, because exposure of the plates injures them 
and decreases the capacity of the battery. When correcting for 
evaporation use only distilled water and see that the plates are 
covered with at least one-half inch of electrolyte. Care should 
be taken not to spill the water between cells as this may cause 
grounds. ''IVst all connections of the cells to see if any bolts have 
worked loose, and if they have draw them up tight. If any con¬ 
tacts are (*orroded, open them up, scrape them clean, remake them, 
and <‘oat them with an acid-rcvsisting paint. Examine all battery 
jars aiul cells to see if they are thoroughly clean, that there is 
no a<‘(*umulati()n of dirt or acid on their covers, and that none 
are cracked. If any are cracked or broken they must be removed. 
The battery compartment, or tank, must be examined from time 
to time to s(^c that there is no accumulation of dust or dirt in it 
which may cause battery grounds, and that the material of the 
lank is not being injured by acid spray or accumulation of elec¬ 
trolyte upon its surfaces. It is a good practice to remove the 
battery from the battery box every six months, and then to 
<lry the vsame thoroughly and give it at least one coat of 
a(‘id-resiwsting paint. If voltage readings on cells indicate that 
some are of excessively low voltage, these must be removed and 
the difficulty located. The low voltage may be caused by (a) 
internal short-circuit due to excesvsive sediment in the bottom of 
the cell; (1)) failure of separators; (c) buckling of the plates, mak¬ 
ing them touch each other; (d) sulphation which has l)een caused 
by the preceding dinicultics or by insufficient charging. The use 
of battery water containing iron will make cells lose capacity, 
and only pure water should be used. The cells should be 
opened up, the plates removed, and the sediment flushed 
out; deh^ctive separators should bo rephiced; buckled plates 
should be straightened out by pressure; the repaired elements 
with their separators should be replaced in the cell and the battery 
given a series of charges and discharges at moderate rates until 
it recuperates. 
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AMPERE-HOUR METER 

The ampere-hour meter is lui eU'etrieul instruin<>nt which 
measures the quantity of electricity that lias passi'd in a <‘ireuif, 
and which indicates the amount in ampere hours. If sm-h an 
instrument is placed in a battery circuit it may Ix' arrun}i:('(l to 
indicate the ampere hours which the Inittery has ^ivi'ii oul on 
disehar^e at any time; and, similarly, if a battery is eharKi'd, tlu* 

amper('-hour meter would, by 
its reversc'd rotation, indicate 
the number of ampere hours 
put back, reachinj!: zi‘r(Hlis- 
char}!:e position wlu'u the bat¬ 
tery is r<'charfied. Tlu' tlevice 
is a valuable adjtinct in bat- 
tery work, as the operator <‘an 
detennine the state* of battery 
discharge by looking at tlu* 
dial of the meter. 

Sanganio Ampere-Hour 
Meter- Tlu* ampere-hour 
meter used in railway-train 
work must be a rugg(*d one, 
and must b(* designed on such 
princijde that vibration will 
not interfere with the pas.sag(* 
of the eum*nt from the fix<*d 
members to the rotating mem¬ 
ber, as this would aflect tlu* 
accuracy of the instrument. 
The mo.st .su(‘(*essful t.vjte of 
ampere-hour meter for axle lighting systems is that manufactured 
by the Sangamo Electric Company. 

The most essential members of the Sangamo ampere-hour 
meter are shown in Fig. 57. They arc: a disc-like armature, «, 
which floats in a mercury bath, h, under the influence of a 
permanent magnet M, the return path of flux from one magnet 
pole to the other being by way of the laminated annular core c; 
a damping disc d, acted upon by two small permanent magnets g; 
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a shaft /S joining the armature M and the disc d; and a worm 
thread IF on the shaft engaging a gear train t The current path 
is from a fixed contact in the walls of the mercury container 
through the disc to the diametrically opposite fixed contact m. 
The armature disc, therefore, has a turning effect acting upon it 
which will cause it to rotate. The force acting upon a conductor 
when it carries an elec‘tric current in a magnetic field is propor¬ 
tional to the field strength and the value of the current. If the. 
field strength is of constant value as in the ease of the Sangamo 
meter, the for<‘e tending to move the conductor is proportional 
to the current, hence in the above meter when a current flows 
through the armature a turning effort or torque is exerted upon 
it directly proportional to the current in the circuit. The damp¬ 
ing disc rf, however, rotating between the poles of the magnets g, 
acts as a generator to retard the rotation of the armature. The 
retarding effect of this latter disc is proportional to its speed, 
hence the speed of the moving element, neglecting frictional 
effects, is proportional to the torque of the main armature, which 
in turn is proportional to the current. Consequently, the speed 
with which the mechanism revolves is a measure of the current 
passing through the armature. The worm thread JV on the shaft 
drives a gear train, which integrates the revolutions.and time; thus, 
an index driven by the train, moving over a suitable dial, would 
indic‘ate ampere hours. 

Use of Variable Shunt. The ampere-hour meter as described 
above, however, would not suffice to sliow the state of battery 
(barge between successive discharges and charges, because no 
battery has an ampere-hour efficiency of 100 per cent, conse- 
(piently more charge must be put into a battery than can be 
taken out; or, when a charging current of given magnitude flows 
through the ampere-hour meter, the rotation must be slower than 
when a discharging current of the same value flows through it, 
if the index should arrive at y^ero iudic^ation upon completion of 
charge. This reduction of speed on passage of a charging current 
may be secnired in various ways. The simplest method is the 
variable shunt or variable resistor placed in parallel with the 
armature ciremit proper. When a disebarge current is passing, 
the resistor has its maximum resistance and the major part of the 
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current flows through the arniaturc; when a cliarging curnuit is 
flowing and the meter rotates in the reverse din'ction, the resist¬ 
ance of the resistor path is rcduet'd and the current tlirough tlu* 
armature is diminished, a larger portion flowing tlirough tli<‘ 
resistor path than before, hence the meter runs slower. This 
resistor element, sho'um at 11 in Fig. 57, (‘(insists simply of a 
copper bar floated in mercury, its ele(‘tri(‘al circuit Ix'ing in pariilh'I 
with tliat of the armature. This floating copp(‘r bar being placed 
under the influence of the field of the magnet M, tends to rotat(‘ 
in the same direction as the armature disc. This rotation is 
limited to an angle of 45 degree's to (“orrect for minimum ampere- 
hour efficiency of the battery or to produce maximum dillVrence 



in charge and discharge speeds of the meter. 'FIk' usual s(‘fting 
is based on an ampere-hour efficiency of 80 p(‘r cent or tlu' meter 
runs 20 per cent slower on charge than wIk'u measuring a dis¬ 
charge current. The exact circuit connections of the resistor 
are as shown in Fig. 58 at a and h. When the batti'ry is dis¬ 
charging the vane is moved clockwise and sends the larg(‘r ])ortion 
of the current through the armature of the nu'ter as shown at «. 
When the battery is charging, the vane m(>v(‘s in a counter¬ 
clockwise direction and more current flows through the resistor 
shunt path and a reduced current through the armature of the 
meter, as indicated at h. The appeuranc*e of a typic-Jil train 
equipment Sangamo meter is shown in Fig. 59. The contacts 
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operating tlic stop-charge connections may be seen through the 
cut-out back of the indicator hand. 

In railway train-lighting work the ampere-hour meter is not 
only used as an instrument to show state of battery charge, but 
it is also used, as already explained, to stop overcharge by acting 
upon the voltage coil of the generator regulator to reduce gen¬ 
erator voltage to a battery-floating value. This control element 
is introduced by two contact points which are closed upon each 
other by the ])ressure of the meter hand when it reaches zero- 
discharge position. Closure of these contacts modifies the connec¬ 
tions of the voltage coil of the regulator so that it may function 
to cut down the generator voltage. 

Use of Thermocouple. Storage bat¬ 
teries lose about per cent of their charge 
for every 24 hours when they stand idle. 

As this loss of charge is not accompanied 
by a flow of current from the battery 
through the meter, the same does not cor¬ 
rectly iii<li(*a,te the state of battery charge. 

To overcome this dilHcuIty a thermocouple 
is introdiKH'd, which is conne(‘ted across the 
nu'ter terminals. This theriiiocoiiple is 
surrounded by a very small heating coil, 
a-nd thus a low diiTercncc in potential is 
d(‘V(»lo])ed by the said thermocouple. This 
b(‘ing a])plic<l acToss the armature circuit 
of the meter (‘auscs it to revolve slowly in 

th(‘ dis(*harge din'ciion at a speed corresponding to what the leak¬ 
ages loss would be. This thenno(‘ouple also plays a part in over- 
(‘oming fri(*tion, so that light load readings are more accurate 
than they would b(^ without its eflects. 

Meter Troubles. Tenting Readings. If the inspector is in 
<lorbt a,s to tlie accuracy of the indications of the ampere-hour 
m<‘t<‘r, tlu^ under should be tested. This is very readily done, 
the only instruments rociuired being an accurate ammeter and a 
stop wat(‘h. (\)nne(*t the ammeter, if of the internal-shunt in 
series type, with the ampere-hour meter, or, if it is of the external- 
shunt type, connect the shunt in series with the ampere-hour 
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meter and test the meter on discharge. This may he done hy 
putting on the lamp load; or, if thi.s is not sufHei(>nt to give close 
settings on tlie ammeter, an adjustable rheostat may Ih! con¬ 
nected across the line. The speed of the meter in the discliarged 
direcition is 10 revolutions in 3(5 seconds at full load. In taking 
a check on the meter accuracy the following fornuila should he 
KR 

used: S=-j~ wherein K is the meter constant, R tlu' rt'volutions 

observed, I the load in amperes, and N the corn'ct lime in seconds 
for the revolutions observed. If the observed time do<*s not 
correspond with the time as calculated from the given fornmia, 
the percentage of meter accuracy can he (hitermimsl hy <iividing 
the correct time by the observed time; in other wonls, if T is 
the observed time, the percentage of meter accuracy will he »S’ 
divided by T. The constant of a lO-ampcrc mettw is .‘5(5, and it 
is directly proportional for other sizes unless it is mark('d otlu'r- 
wise on the meter. Thus in the case of a 4()-ampere nudtT the 
constant would be 144. Full-lojwl adjustment on the nuder is 
obtained by varying the position of the laminated iron discs 
located above the jaws of the pcrnuinent magnet. Raising the 
disc decreases the speed of tlie meter; lowering increases it. 

The accuracy of one of these meters is within 3 p('r c(‘nl 
when operating at light load, which is assumed to he 10 p<'r cent 
of the meter capacity. Unless the meter is eciuipjK'd with th<“ 
thermocouple, there is no adjustment for the light load accuracy, 
and if the error at this load exceeds 3 per emit, it is advisiihlc 
to clean the meter thoroughly. Very often it is found that filings 
or other foreign material are in the air gaps of the magnets and 
drag upon the damping disc, reducing the motor speed. There¬ 
fore before undertaking to disassemble tlie meter the.se gaps 
should be thoroughly cleaned. 

Meter Running Slow or Fast. A meter may run slow hec’ause 
of (a) friction; (b) poor connection at armature case terminals; 
(c) weakenmg of main magnet; (d) sticking of variable resistor in 
the charged position; (e) soft iron disc of main magnets sot too low. 

A meter may run fast because (a) connections at the termi¬ 
nals of the resistor are loose; (b) soft iron ring of main magnets 
is too close to the disc; (c) damping magnets are weakened. 
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The friction may be caused, as explained, by dust or dirt 
on the damping disc or damping magnets, by defective jewel 
bearing at the top of the meter, by the mercury in the main 
armature, or by the resistor chambers being dirty. 

Checking Resistor. The resistor can be readily checked by 
setting it for zero overcharge. If it was originally stuck in the 
charged position, this movement of the resistor back to zero over¬ 
charge will cause the vane to be moved into the discharged posi¬ 
tion. Pass current through the meter again and time it. If the 
meter now has the correct speed, it is apparent that the trouble 
is in the resistor. In that case the meter should be sent to the 
shop for repair. If, however, the meter is still operating slow when 
the resistor has been moved, this is an indication that no trouble 
existed there. The correction for slow running, then, should be 
made by moving downward closer to the magnet poles the soft 
iron disc above the armature. This adjustment should not be 
attempted until all other causes for friction have been examined 
and eliminated. If the meter is running too fast, first see that 
the connections of the terminals of the resistor are tight, and if 
these are all right, adjust the disc above the main magnet to 
reduce the speed. This may be done by raising the disc slightly. 
If the meter runs fast at light load, this is probably due to the 
damping magnets being weakened or to the thermocouple giving 
too much current. The thennocouple effect may be corrected 
by putting a little more resistance in series with it and the arma¬ 
ture terminals to reduce the current set up by it. 
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APPLIED ELECTROCHEMISTRY 

INTRODUCTION 

Chemical Reactions. Chemical reactions are frequently, if not 
in fact almost universally, associated with changes in electrical 
energy. The science and art of electrochemistry deal with the 
relationshq) of electrical and chemical forms of energy. It is well 
known that many chemical reactions take place with the liberation 
of energy in the form of heat; thus when coal burns, combining with 
the oxygen of the air, there is a liberation of heat energy. Certain 
other chemical changes involve an absorption of heat energy, that is, 
heat must be applied to materials in order to cause certain reactions 
to take place. The formation of calcium carbide is an example of 
the I'roduction of a useful compound by heating lime and carbon to 
a high temperature. All chemical reactions may be classified as 
either heat-absorbing reactions—or as exothermic — 

hcat-libcratiiig reactions. 

Numerous chemical transformations also occur with a liberation 
of electrical energy, a fact upon which are dependent the various 
types of primary cells or electric batteries. Electrical energy may, 
on the other hand, be made to produce chemical changes by the 
passage of electric current through an electrolyte, and this finds 
practical application in various forms of electrolytic cells. 

Storage batteries constitute an important class of electrical 
apptiratus, consisting of a certain combination of metals and electro¬ 
lyte in which the electrochemical action is reversible, that is, in 
passing current through the battery in one direction certain chemical 
changes take i)lace, or the battery is stored or charged, and these 
clu'inical reactions take place in a reverse direction when the 
current is allowed to flow in a reverse direction, as when the battery 
is (lischarg('(l. 

Range of the Subject. The fundamental units and principles 
of electricity, the elementary principles of electrochemical action, 
the primary cell, and the secondary, or storage, cell have already 
been considered in previous articles, and consequently this article 
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will be confined to a consideration of the wider Ih'ld of applied ohn-tro- 
chemistry, dealing with the more important practi(‘al nses of tdeetrieul 
energy in producing useful chemical transformations. 

Electrical energy may be applied to materials by various 
methods, the more important of which are the following: 

(1) Electrolysis, or the electrolytic change brought abtuit by tiu' 
passage of a direct current through an eleetrolyt<‘. 

(2) Electrothermics, or the production of chemical change through 
tlie heat effect produced by electrical means. 

(3) Electrical discharge in gases. 


ELECTROLYSIS AND ITS APPLICATIONS 

ELECTROCHEMICAL THEORY 
KINDS OF CONDUCTORS 

All materials may be divided, first, into two elassi's, (h‘|»ending 
upon whether or not tliey conduct electrical eurnuit. If tluy <-on- 
duct, they are called “conductors” and if they do not, tlu'y art* 
designated as “insulators”. In turn, materials which conduct may 
again be subdivided into two more classt's commonly dt'siguatt'd: 
metallic conductors, or coyuhuiors of the first class; and clcctrolijiic 
conductors, or conductors of the second class. 

It is important that as a basis for the study of I'h'ctrolysis a 
clear idea be acquired as to the distinctive diircrcnccs ht'fwct'U 
metallic and electrolytic conductors. 

Metallic Conductors. As implied by the name, metallic can- 
ductors, the metals belong to this class; and in iwldition to the metals 
and metallic alloys, there are a few other eh'ments and various 
compounds which conduct in a similar mamu'r and are thcrefort* 
designated as metallic conductors. In this class of c(mdu<*tt>rs tlu* 
flow of current produces only a heating effect without pr<Mlucing 
chemical change. 

Non-MetalMc Elements. Of the few non-metallic elements 
which conduct, the most important is carbon, or graphite. Hilicon, 
boron, and selenium are other elements possessing metallic coiuluc- 
tivity to some degree. 
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Chemical compouiidH do not as a rule conduct metallically. 
The imijortant exceptions include peroxide of lead, which is a con¬ 
stituent of one of the electrodes in a storage battery; magnetic oxide 
of iron, FcjO^, which is used as an anode material for electrolytic 
purposes; sulphides of lead and of silver, various metallic carbides, 
silieidcs, borides, etc. ( 

Rpccifio B<'siittan.ce. The specific resistances of the metals and 
metal alloys cover a comparatively limited range, a high resistance 
metal such as mercury having a specific resistance about one hun¬ 
dred times that of the best conductive metals, copper and silver. 

It is a characteristie of the metals that the resistance varies in a 
minor degree with variations in temperature. The resistance 
usually increases with increase in temperature, or, in other words, 
the metals have a positive temperature coefficient. With pure 
metals the temperature coefficient is a constant, i.e., the resistance 
is approximately proportional to the absolute temperature and, if 
the resistance be plotted for various temperatures, the line points 
toward absolute zero, suggesting that if the metals could be cooled 
to that point they would possess no resistance and thus become 
pcrfe(‘t conductors. 

With the conductive metalloids or non-metals, and with the 
compounds which conduct metallically, a higher order of specific 
resistance is encountered as well as a greater variation in tempera¬ 
ture coefficient. To the electrochemist, carbon is the most impor¬ 
tant of these eonductors. Its specific resistance varies through a 
wide range from that of the diamond, which is practically an insu¬ 
lator, to graphite, and then to “metallized” carbon which has a con¬ 
ductivity comparable to that of mercury. 

('arbon, such as is used for electrode purposes, may consist of 
plates made up of finely ground carbon mixed with a binding material, 
molded into shape and subjected to a high temperature baking. 
The resistance is dependent upon tire quality of the carbon flour, 
the purity, the nature of the binding material, the pressure of form¬ 
ing, and the baking temperature. TTie higher the firing temperature 
used, the lower is the resistance and, by carrying the temperature to 
the highe.st attainable value, the material is transformed into a more 
conductive form known as graphite. The discovery of this method 
of graphitization by electric heating constitutej one of the most 
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important of the electrochemical diwovcrics, furnishing not only 
the basis of a large artificial graphite industry but also su{)- 
plying an electrode material of inestimabh^ vahu! to tlu^ ('l<‘<'tro- 
chemist. 

By data taken from various sources it appears that, tlio comnier- 
cial forms of electrode carbons ha%'c values of speeili(! resistance! 
varying from 3000 to 10,000 microhms per'em'’, (irapliitizesl «'l<‘c- 
trodes have a specific resistance of about SOO microhms and the 
value for metallized carbon has been given as dSO microhms. 

The so-called metallic silicon hsis a spccitu! resistan<*e which 
varies greatly and in an uncertain manner with iiu-rease in txunpera- 
ture. Boron is a conductive material which has only reccmlly betm 
produced but which has created special inb'rt'st, in that it has a 
temperature coefficient which is higher than almost any <»thcr 
known substance. A small rod of this material, which shows a 
resistance of over 6,000,000 ohms at 27® C., shows -Ki.OOO ohms at 
180®. The conductivity of selenium likewise poss('sses int<>r('sting 
characteristics. This element has a high six'cific resistance, it has a 
high temperature coefficient and possesses the unusual feature that 
it changes its resistance notably under the influence of light. 

The chemical compounds which conduct metallically are char¬ 
acterized by a high specific resistance and a high negative ttanpera- 
ture coefficient. 

Electrolytic Conductors. Characterktu'D. Th<‘ most impitrtant 
characteristic of electrolytic conductivity is that the flow of current 
produces a chemical transformation. The detection of a chemical 
change does not, however, constitute an infallible means of deter¬ 
mining whether a material shoukl be placed in this class, since umh'r 
certain conditions the resultant dicmieal change may be so slight 
as to avoid detection. Faraday concluded that certain fus('d 
chlorides, for example, conducted metallically, because he couhl 
detect no appreciable decomposition. The conclusion was probably 
erroneous, due to the fact that the products which were liberated 
mmediately reunited to form the original substamte. 

Electrolytic conductors invariably consist of definite chemical 
iompounds. It should be borne in mind that, as pointed out under 
netallic conductors, not all chemical compounds which conduct are 
lectrolytic conductors. 
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Classification. Electrolytic conductors may be either fused 
materials or certain solutions of materials in water or other solvents. 
Some evidence of electrolytic conductivity has been detected in a 
few solid compounds, but this phenomenon is of little importance 
from the practical standpoint It is with liquid conductors that 
electrolysis commercially applied has to deal and for practical 
purposes these liquid conductors may be placed in three divisions: 

(1) Electrolytes consisting of substances dissolved in water. 

(2) Electrolytes consisting of substances dissolved in solvents other 
than water. 

(3) Electrolytes consisting of chemical compounds in a state of 
fusion. 

The first group is tlie one of the greatest importance, since 
water is a great universal solvent, which, on account of its abundance 
and low cost and great solvent properties, furnishes an essential 
material in most industrial electrolytic processes. Non-aqueous 
solutions, while attractiilg much interest from the theoretical and 
scientific points of view, have as yet few technical applications. 
A more extensive use of these solvents, however, may safely be 
anticipated as a result of future development. 

Electrolytes consisting of fused materials have important tech¬ 
nical applications in industries such as the manufacture of aluminum, 
sodium, magnesium, and calcium. 

Water, in a high state of purity, possesses very little conductive 
power; in fact it is practically an insulating material. Kohlrausch 
gives a specific resistance of 25,000,000 ohms per for freshly 
distilled water. On accumulating impurities by exposure to the air for 
some time, the resistance may drop to one-twentieth of this amount. 

Similarly, sulphiuric acid, in a condition of absolute purity, has 
an exceedingly high specific resistance, tending to place it among the 
insulators. If, however, a certain amount of these two non-con- 
ductive substances be mixed together, the result is a material which 
has a power of conducting to a high degree. The question has 
naturally arisen as to whether it is the acid under tlie influence of 
the water or the water as influenced by the acid, or a combination of 
both, which produces the conductive power. In settling this point, 
we would be led into the realm of speculation and, for practical 
purposes in working with aqueous electrolytes, the conomon assump- 
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tion may be followed that it is the substatice which is dissolved in 
the water which possesses the conductive property. 

Condiuitwity. One important charaetoristie of eleetrolytie 
conductors is that the order of conductivity is far lower than that of 
metallic conductors. The best conducting electrolytes, for example, 
have a specific resistance at least one million times as great as that 
of the average metallic conductor. 

Another striking characteristic is the negative tempe-rature 
coefficient which causes the rcsistaiuMj to decrease, with im-reasing 
temperature. 

It should be borne in mind that by no means all of the materials 
which dissolve in water produce electrolytes. Those ehemieal sub¬ 
stances which on dissolving in water become conductive have be(‘n 
determined by trial and by measurements. Hugar and common salt 
are both soluble in water. The former, however, produces no electro¬ 
lytic conductivity, while the latter does. 

It has been found by trial that, in gcnSral, solutions of inorganic* 
acids, salts, and bases conduct electrolytically, while tlu* neutral 
organic compounds in solution do not conduct. 

The degree of conductivity of an electrolyte depends upon a 
number of factors, including the chemical composition of the dis¬ 
solved substance, the amount of such substance in solution, and 
the temperature. 

A quantitative study of the. relationship between the conduc¬ 
tivity of a solution of a given substance and the amount of substance* 
dissolved, reveals interesting and important features and furnislu's 
the basis upon which modem theoretical views of ('lectrolytic; dis¬ 
sociation and conduction are based. However, for pra(‘tical pur¬ 
poses of an elementary text, it may not be necessary to follow this 
line of study here. 

THE ELECTROCHEMICAL CELL 

Definitions. An electrocheminal cell is a form of apparatus in 
which all industrial electrolytic processes are carried out. It may 
be defined as a combmation of two metallic conductors, constituting 
the electrodes, and an electrolytic conductor, constituting an eUdro- 
lyte which joins the electrodes. A suitable containing vessel is also 
an essential part. 


316 



ELECTROCHEMISTRY 


7 


The anode is the electrode at which the current enters the 
electrolyte, and the cathode is the electrode at which the current 
leaves the electrolyte. 

The cell is inactive if no current flows, and it becomes cuMve when 
the current passes, which in turn means that to be active it must be 
connected to an external source of electrical energy. This external 
energy may be obtained from any generator of direct current, such 
as a primary battery, a storage battery, or a dynamo. 

Action Inside the Cell. Diagram of Circuit. A typical dia¬ 
gram of an active cell is shown in Fig. 1, where d is the dynamo, or 
other source of current; r is a rheostat 
for regulating the amount of current, or 
current density; i is an ammeter for 
measuring the current; and u is a volt¬ 
meter for measuring the voltage at the 
cell terminals; ^ is a switch for opening 
or closing the circuit. The arrows indi¬ 
cate the direction of the flow of current; 
a is the anode, and c tlie cathode. 

It will be noted that the positiv'e 
(-(-) terminal of the voltmeter is con¬ 
nected to the anode, or positive pole, 
at which the current enters the cell, 
while the negative (—) terminal of the 
voltmeter is connected to the cathode, 
or negative pole. For this reason it is 
a common practice to use the terms 
“positive pole” and “negative pole” in 
place of the terms “anode” and “cath¬ 
ode”, respectively. To avoid confusion, 
however, it is far better to employ the terms anode and cathode 
wherever possible and to learn to know instinctively that the anode 
designates the surface at which the current enters the electrolyte 
and that the cathode indicates tlie surface where the current 
leaves. 

Method of Carrying Curreivt. To determine in just what manner 
the electrolyte carries the current is the purpose of various theories 
which are not as yet capable of positive proof. It is a common con- 



Fiff. 1. Diagram of Electrolytic Cell 
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Positive and Negative Radicals of the More Common Compounds 


SUBSTANCE 

FORMULA 

NK.OATIVE 

WAOU'AL 

OR 

ANION 

rohitivw 

UAinVAh 

OR 

f'ATHION 

Aluminum chloride... . 

Aid,, 


Al 

Ammonium chloride. 

NII 4 CI 

c\ 

NH 4 

Barium chloride . 

BaCla 

2C\ 

Ba 

Calcium chloride.. 

CaCl 2 

2C\ 

(-a 

Potassium chloride. 

KCl 

Cl 

K 

Cadmium chloride.% .. 

CflCb 

2CU 

Cd 

Magnesium chloride. 

MgCh 

2C\ 

Mg 

Manganese chloride. 

MnOla 

2 (n 

Mn 

Sodium chloride . 

NaCl 

Cl 

Na 

Hydrochloric acid. 

HCn 

(U 

il 

Zinc chloride. ..... . 

ZnCh 

2C\ 

Zu 

Hydrobromic acid... 

11 Br 

Br 

11 

Potassium bromide. 

KBr 

Br 

K 

Hydriodic acid. 

III 

I 

n 

Potassium iodide. 

KI 

t 

K 

Barium nitrate .. .... 

Ba(N03)2 

2 N(>a 

Ba 

Calcium nitrate. 

Ca(N03)2 

2 N 03 

(^a 

Nitric acid. 

HNOa 

NCa 

11 

Potassium nitrate. 

KNOs 

N()« 

K. 

Silver nitrate. 

AgNOg 

N(b 

Ag 

Sulphuric acid. ... .... 

HoH()4 

SO 4 

2H 

Copper sulphate. 

CUSO 4 

SO 4 

On 

Ma^esium sulphate , 

MgSO, 

SO 4 

Mg 

Sodium sulphate. 

NafiH04 

S( >4 

2Na 

Silver sulphate. . 

AgaH04 

SO 4 

2Ag 

Zinc sulphate. 

ZnS04 

S()4 

Zn 

Potassium carbonate. 

ICiCOg 

<H):, 

2K 

Sodium carbonate.., . ..... 

NilaCX )*{ 

V(h 

2Na 

Potassium chlorate. 

K,Clih 

CUh 

2K 

Potassium hydroxide. 

KOII 

on 

K 

Sodium hydroxide. 

NaOlI 

on 

Na 

Potassium chromate. 

KgCrO., 

(VO, 

2K 

Potassium bichromate. 

Iv,.Cr 207 

('r,!), 

2K 

Potassium cyanide. 

KCN 

(IN 

K 

Potassium ferrocyanide. 

K4Fc(CN), 

Ki>(ClN)„ 

4K 

Potassium silver cyanide.. 

KAg(CN)2 

Am!(ON). 

K 

Potassium oxalate. 

ISaC / 8 O 4 

(V)« 

2K 

Sodium acetate... 

NaCallA 

(iJW), 

Na 


ception that the current in paswing through the eloctrolytfs causes a 
bodily naovement of some of the material in the electrolyte in the 
direction of the current and of a corresponding amount of other 
material in the reverse direction. Or, in other words, the materials 
held in solution dissociate into ions. Those ions which travel with 
the current and are deposited on the cathode are called eathims 
and those which go against the current and are liberated at the 
anode are anions. 
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Anions and CatUons, In order to determine what action will 
take place in a cell, it is important to know what materials constitute 
the anions and cathions. 

From a study of chemistry, it is noted that the inorganic com¬ 
pounds such as are taken into solution in water, are composed of what 
are known as the metal, or positive, radical and an equivalent acid, or 
negative, radical. Table I gives a list of the more common materials 
with their respective anions and cathions. 

From this table it is to be noted that the cathions consist almost 
entirely of metals, with the addition of the element, hydrogen and of 
the compound NH,^; also that the anions consist of the electronega¬ 
tive elements, such as chlorine, bromine, iodine, and fluorine, and of 
various compound radicals, such as SO4, NO3, CO3, OH, CrO^, etc. 

Faraday’s Laws. The most important laws pertaining to elec¬ 
trolysis are what are known as Faraday’s laws. They constitute the 
basis of all electrochemical calculations, determining just how much 
chemical action is produced by a given flow of current for a given 
time. These laws are as follows: 

(1) The amount of chemical effect produced during electrolysis 
is directly proportional to the product of the current and the 
time; that is, to the quantity of electricity which flows through 
the electrolyte. 

(2) When a current passes through an electrolyte, bringing 
about chemical changes at the electrodes, the quantity of each 
substance formed is directly proportional to the equivalent 
weight of the substance and to the quantity of electricity which 
has flowed through the electrolyte. 

It is obvious that if one ampere flowing for one minute will 
deposit a certain amount of copper, two amperes flowing for 
one minute will deposit twice that amount. Also that the 
amount which a given current will deposit in ten minutes is 
ten times as great as will be deposited by the same current in one 
minute. 

Electrochemical Equivalent By knowing the equivalent weight, 
or, as it is more commonly termed, the chemical equivalent, of the 
material, the quantity of that material which will be liberated by 
a known amount of electric current can be readily calculated. Every 
substance, whether it be a chemical element or a chemical compound, 
has its electrochemical equivalent, just as it has a certain atomic 


319 



10 


ELECTROCHEMISTRY 


TABLE II 


Constants of the Elements* 





Chemical 

Constants 

Eloi'troolu'nucal 

Cloiwtauts 

CJonmwicijil 

(’iinHtunt.s 

“Uchuir* 

Name of 
Elements 

Symbol 

Valency 

Atomic 

Weights 

Chemical 

Equivalents 

Per Coulomb 
(i e. per amp. 
sec.) in mg 
per sec 

Per Ampere 
Hour (i e. SliOO 
Coulombs) in 
grams 


g«i.a 

ilt'l 

"sS'i 

l&laa 

[ Per H. P. Year 

1 for one volt in 
metric tons 

Alurainum... 

A1 

III 

27.10 

9 03 

09354 

.33674 

1) 033 

2.950 

2 201 

Antimony... 

Sb 

III 

120 20 

40 07 

.41609 

1.4943 

40.067 

13 090 

9.765 

Arsenic. .. . 

As 

III 

75.00 

25.00 

.25898 

.93233 

25.000 

8.167 

6.093 

Barium. 

Ba 

11 

137.40 

68.70 

.71166 

2 5620 

68 700 

22,443 

16.742 

Bromine. ... 

Br 

I 

79.90 

79.90 

.82831 

2 9819 

79.960 

26.221 

19.561 

Cadmium , 

Cd 

II 

112 40 

56.20 

.50229 

2 1322 

,56.200 

1,8.678 

13.934 

Calcium... , 

Ca 

11 

40.10 

20 05 

20770 

.74772 

20 050 

6.550 

4.886 

Carbon. .. . 

C 

IV 

12.00 

3.00 

031077 

.11188 

3.000 

.9801 

.7311 

Chlorine. 

Cl 

I 

35 45 

35 45 

36723 

1.3220 

35.450 

11.581 

8.639 

Cobalt. 

Co 

II 

59 00 

20.50 

.30559 

1.1001 

29.500 

9.637 

7.189 

Copper. 

Cu 

11 

63 60 

31,80 

32942 

1.1859 

31.800 

10 388 

7.749 

Fluorine. 

F 

I 

19 00 

19.00 

.19682 

70855 

19.000 

6.207 

4.630 

Gold. 

Au 

III 

197.20 

65 73 

68090 

2 4512 

05.733 

21 473 

16 019 

Hydrogen. 

H 

I 

1.008 

1 008 

010442 

.03759 

1.008 

.329 

3 2456 

Iodine. 

I 

I 

126.97 

126.97 

1 3153 

4.7351 

126 970 

•11.479 

.30.943 

Iron. 

Fe 

II 

55 90 

27 95 

28953 

1.0423 

27 950 

9.131 

6 812 


Fe 

III 

55 90 

18 63 

.19279 

.69404 

18 633 

6.090 

4.543 

Lead. 

Pb 

II 

206.9 

103.45 

1.07164 

3 8579 

103 450 

33.795 

25.211 

Magnesium. . 

Mg 

II 

24.36 

12.18 

.12617 

.45422 

12 180 

3.979 

2 968 

Manganese.. 

Mn 

II 

55 00 

27.50 

.28587 

1.0291 

27.500 

9.015 

6.725 

Mn 

III 

55.00 

18.3;^ 

18988 

.68357 

18.333 

5.988 

4.467 

Mercury .... 

Hg 

I 

200.00 

200.00 

2.0718 

7.4585 

200.000 

65.333 

4S.73H 

Hg 

II 

200 00 

100.OC 

1.0359 

3.7292 

100.000 

32.667 

21.370 

Nickel .... 

Ni 

II 

58.70 

29 35 

.30404 

1.0945 

29 350 

9.588 

7 153 


Ni 

III 

58.70 

19 57 

' .20273 

.72983 

19 567 

6.393 

4.769 

Nitrogen. 

N 

III 

14.04 

4.680 

) .048480 

.17453 

4.680 

1.529 

1.141 

Oxygen . 

0 

II 

16 000 

8.00C 

) .082872 

298:^4 

8.000 

2.613 

1.949 

Platinum.... 

Pt 

IV 

194.80 

48.70 

).50448 

1,8161 

48.700 

' 15.009 

11.868 

Potassium.... 
Silicon... 

K 

I 

39.15 

39.1£ 

) 40555 

1 4600 

39.150 

1 12.790 

9.541 

Si 

rv 

28.40 

7.10 

) .073549 

.26478 

7 100 

1 2.319 

1.730 

Silver. 

Ag 

I 

107 93 

107 9:- 

i 1.11805 

4,02498 

107.93(1 

135.267 

26.309 

Sodium. 

Na 

I 

23.05 

1 23. OJ 

) .23877{3 

.859590 

1 23.05(1 

1 7.530 

5.(U7 

Sulphur. 

S 

II 

32.06 

i 16.OJ 

1.10605 

59778 

1 16.03(1 

1 5.237 

3,907 

Tin. 

Tn 

II 

119.OC 

1 59.5 

.61636 

2.2189 

59.50(1 

119.438 

14.501 


Tn 

IV 

119.OC 

1 29.71 

5.30818 

1.1094 

29.750 

1 9.718 

7.250 

Zinc. 

Zn 

II 

65.4C 

1 32.7( 

). 33874 

1.2195 

32.700 

110.683 

7.970 


*From “Electrothermal and Blootrolytio Indu«tricH“, AHhcwrft. 


weight; and in fact the electrochemical equivalent is closely associated 
with the atomic weight. 

The electrochemical equimlent of a substance is the atomic weight 
divided by the valence and multiplied by a constant. This constant 
is a weight of hydrogen which will be liberated by a unit quantity 
of electric current. This constant is .00001036 grams, being the 
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amount of hydrogen which is liberated by one coulomb or one 
ampere flowing for one second. 

For purposes of practical calculation it is common to express 
the electrochemical equivalent of a substance in terms of the amount 
of material which is deposited by one ampere flowing for one hour’s 
time. Table II gives electrochemical equivalents of various com¬ 
mon elements. 

If, for example, it is desired to know how much copper will be 
deposited by ten amperes flowing for two hours, a simple calculation 
based upon the value of copper shown in Table II can be made. It 
is 10X2X1.1859, or 23.71 grams. Likewise, the same amount of 
current will liberate 10X2X1.322, or 26.44 grams of chlorine. 

Cathode Reactions, In observing the changes which take place 
at the cathode during electrolysis, various phenomena may be noted. 
If a suitable solution containing copper or nickel is used, copper or 
nickel will be deposited at the cathode, coating it over and growing 
to such thickness as is determined by the amount and duration of 
the current. Likewise, various other metals, such as gold, silver, 
iron, zinc, cobalt, and cadmium, may be deposited. This furnishes 
the basis of the electroplating industry. Some of the metals, on the 
other hand, will not be deposited out in the metallic state; for example, 
no one has yet succeeded in depositing metallic aluminum, neither 
can sodium, or potassium, or calcium, or various other highly positive 
metals be deposited from aqueous solutions. The reason for this 
is that these electropositive metals, at the instant they are liberated 
by the current, react chemically with the water to form other com¬ 
pounds. When sodium is deposited, it reacts chemically with the 
water, in accordance with the following equation- 

Na+Hp-NaOH+H 

Instead, therefore, of metallic sodium being liberated, hydrogen is 
evolved and caustic soda is formed in the electrolyte. The electro¬ 
lytic production of caustic soda and of hydrogen is thereby made 
possible as a result of electrolytic action supplemented by chemical 
action. 

It should be noted, therefore, that the catkim may be deposited 
directly on the cathode, or it may unite chemically with the elec¬ 
trolyte. 
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Anode Reactions. In a similar manner the anicm/i, upon being 
liberated, may be deposited on the anode, or may escape as a gas, 
or may react chemically with the electrolyte, or may unite chemically 
with the electrode material. Which of these varioxis processes takes 
place depends largely upon the peculiar characteristics of the material 
involved. It is important to note that the materials at the instant 
of liberation are in a particularly active chemical condition, or in 
the nascent state. Perhaps the most noticeable action at the anode 
is a tendency for the liberated materials to attack or corrode the 
anode. Thus, for example, when a sodium chloride solution is 
electrolyzed between two iron electrodes, the chlorine which is 
liberated at the anode will attack the iron to form soluble iron 
chloride; in other words, the iron will go into solution. If it is 
desired to decompose salt for the production of chlorine, an iiifiohihlo 
anode material must be selected. Graphite is particularly sorviciv 
able for this purpose and is extensively used for chlorine production. 

SoliMe and Insolvhle Anodes. We have then wliat are known 
as soluble and insolvbh anodes, depending upon whether they with¬ 
stand the action of the electrolysis. As a general rule, the metals 
are corroded when used as anodes. It is for this reason that deteriora¬ 
tion of water and gas pipes takes place in the city streets where 
leakage current from electric railways flows from the iron surfaces 
into the earth. Dependent upon the anode solubility, the amount 
of metal in an electroplating solution is maintained at a con.s1ant 
value, the metal going into solution from the anode at the same rate 
that it is deposited out at the cathode. 

Of the various metals, platinum is the one most commonly used 
when an insoluble metal is required. Graphite is insoluble in ciilor- 
ide solutions, while it is slowly attacked in certain other solutions. 
Lead peroxide and the black magnetic oxide of iron, previously 
referred to as being compounds which conduct metallically, have 
their principal use in electrolytic work because of their electrochem¬ 
ical insolubility. 

ELECTROLYTIC REFINING AND RECOVERY OF METALS 

Refining Copper. An important use of the electrolytic cell is 
found in the refining of certain metals, the most important of which 
is copper. Copper of high purity is necessary as a conductive 
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material for electric power generation and distribution, and in the 
early days of the electrical industry, the only source of a sxif&ciently 
pure metal was the native metallic copper found in the Lake Superior 
region and commonly known as ‘lake” copper. The rapidity of 
electrical development made this source of supply entirely inadequate 
and it became necessary to draw upon the enormous deposits of 
copper ore found in the Western States. By the ordinary metal¬ 
lurgical methods of smelting, however, only an impure grade of 
copper could be produced, the highest purity not being greatly in 
excess of 98 per cent. A very small amount of alloying impurity 
in copper has the effect of greatly reducing its electrical conductivity 
and, therefore, high purity is of supreme importance. The desire of 
utilizing these Western ores, therefore, directed attention to the 
electrolytic method of refining. In fact, practically the only known 
method of making impure copper available for the electrical industry 
is by the electrolytic refining methods which have been worked out 
during the last quarter of a century. 

Action in Ea'perimental Cell. A simple experimental cell for 
refining copper can be constructed easily by dissolving copper sul¬ 
phate crystals in w’ater, adding a small amount of sulphuric acid, 
and then passing current through this solution, using an impure 
copper anode and a copper sheet cathode upon which the pure metal 
is to be deposited. The amount of copper which is deposited upon 
the cathode depends mainly upon the amount of current and the 
time of flow. The SO^ anion which is liberated at the anode attacks 
tlie anode copper, forming copper sulphate and thus replacing the 
copper which is thrown out at the cathode. The amount of copper 
which goes into solution should, according to Faraday’s laws, be 
equal to that which is deposited out at the cathode. The resultant 
action is then simply a transference of the copper from the anode 
through the solution to the cathode. The refining takes place 
because certain of the impurities in the anode are insoluble, such for 
example as silver, gold, and lead. Certain other impurities go into 
solution in the electrolyte, but arc prevented from being deposited 
at the cathode because copper separates far more easily than do the 
other elements. 

By-Products. The result of this refining operation is that certain 
of the impurities either remain attached to the anode or settle to 
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the bottom of the cell as what is known as ano<Ie sliino. Other of 
the impurities, such as arsenic and iron, gradually accunnilato in the 
electrolyte until such quantity is reached that it hccoines nccc'ssary 
either to throw the electrolyte away or put it through a chemical 
refining operation. 

The electrol 3 d;ic cell for the refining of metals has been likened 
to a series of screens through which the desired metal is sifted, leaving 
the impurities behind. 

While the principal object in the refining of copper was to get 
the pure metal, it was soon noted that some of the impurities which 
settled to the bottom of the tank were of value, these metals h('ing 
principally gold and silver. The subsequent recovery of tlu'se 
materials from the anode slimes furnished a great source of i)rofit., 
and, in fact, copper refining has become important not only for the 
manufacture of pure copper but for the recovery of pn'cious mc'tals 
as well. 

Refining of Metals Other Than Copper. iShVwr. It must not he 
assumed that, because copper refining by electrolysis is eminently 
successful, the electrolytic method may be similarly applied to the 
other metals. In fact the ordinary metallurgical methods are usually 
superior as to cost and availability. Electrolytic silver refining is 
carried out to some extent by what is known as the Mochhm i)roc('ss, 
in which the anodes or impure silver bars are suspended in a filt(T 
cloth sack in an electrolyte consisting of silver nitrate slightly 
acidified by nitric acid. 

From this electrolyte the silver is dcposite<l in a loose cryst alline 
state which tends to grow in tree-like formations toward the anoch;. 
To prevent this, each cathode is provided with a wood scrapi'r which 
periodically removes the crystalline deposit of pure silver. This 
settles to the bottom of the tank, where it is subsequently removed. 

QoU. Gold refining is likewise carried out to a certain extent, 
the anodes usually containing about 94 per cent of gold, per cent 
of silver, and one per cent of copper and various other metals. The 
diectrolyte consists of a solution of gold chloride with a small amount 
of free hydrochloric acid and a trace of gelatin added to improve the 
physical quality of cathodic deposit. 

Baser Metals. While many attempts have been made toward 
electrolytic refining of common metals, such as zinc, tin, nickel, and 
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iron, the difficulties are usually so great, or the other metallurfic- 
ical methods so satisfactory, as to make the financial reward 
insufficient to warrant commercial development. The electrolytic 
refining of iron seems to offer some possibilities of industrial success, 
due to a certain demand for a specially high-grade material. Most of 
the electrolytic iron thus far produced has been used only for experi¬ 
mental purposes and in researches concerning the nature of iron and 
iron alloys. 

From the experiments of the earlier electrochemists with the 
deposition of lead, there was a general belief that lead could not be 
deposited electrolytically in anything but a loose and spongy form. 
As illustrating the value of a detailed study of electrolyte materials, 
reference may be made to the interesting and important discovery 
that a dense heavy deposit of lead may be obtained by the use of a 
solution of lead silico-fluoride, PbSiF^j, with the addition of a trace 
of gelatin. This discovery led to the development of what is known 
as the ^'Betts Process” for lead refining, which is in extensive com¬ 
mercial use. 

Electrolytic Recovery of Metals. One of the alluring prospects 
which has been held out in connection with electrochemistry is its 
application to the recovery of metals from the ores. It has been 
thought by many inventors that the electrolytic methods might 
compete with the smelting and wet extraction methods constituting 
general metallurgical practice, but more especially have invent¬ 
ors been directing their attention to the recovery of values from re¬ 
fractory or non-workable ores discarded in current metallurgical 
pra(‘tice. 

GcM from Sea Water. It has been known for a long time that 
sea water contains gold in such quantity that a cubic mile of the sea 
water taken at almost any locality contains a great wealth of this 
precious metal. It is also known that gold can be deposited from 
an aqueous solution by the passage of an electric current, and this 
fact has led to many attempts at the electrolytic recovery of gold 
from sea water. These attempts have all been failures through 
neglect to recognize certain fundamental laws of electrolysis. The 
gold which is in solution is probably present as gold chloride, but in 
exceedingly dilute solution. If this electrolyte is placed in an elec¬ 
trolytic cell, the gold will migrate very slowly toward the cathode. 
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The sea water contains chlorides of sodium and ina^!:iu'sium as well 
as various other dissolved substances and tboso also ac‘t as an <'lcc- 
trolytic conductor carrying the current. In passing current then 
through such a cell, most of the current is <‘onsume(l in dcc()inp(wing 
the more abundant materials to the exclusion of the gold. In liguring 
the cost of electrical energy, tlic corrosion of the anode niat<Tial, 
and the interest and depreciation of the invt'stuK'iit tied up in 
the cell construction, there is no possibility of a suf!i<‘i<'nt gold 
recovery to repay even an excccilingly small fra<-tioii of the iu'<'<>ssary 
expense. 

Other Metals. Various complex ores of zinc containing lead and 
silver and certain other elements have resisted treatment by metal¬ 
lurgical methods and have constitutc-d an attracti\'o mat(>rial for 
electrochemical work. Many other cxamjjles may be nanu>d, but 
as yet no notable commercial suoce.ss has Ix'cn acln('V(‘d in the elec¬ 
trolysis of aqueous solutions for the extraction of nu'tals from tludr 
ores. As to the electrolysis of fused clcctrolyt(\s, the c-onditions are 
different, as evidenced by the aluminum industry to b-'. des<Tibed 
later. 

General Features of a Recmery Process. To treat an ore or a 
waste product containing a metal necessitates, first, g('tting it into 
an aqueous solution. This may be done by treatnient with an acid 
aird then dissolving out the soluble compound. I'he lu'xt step is to 
treat these compounds in an electrolytic cell, depositing the metal 
upon the cathode from which it can be recovere<l. While the- cost 
of leaching and extraction usually makes the proc-ess prohibitive, 
there are serious electrochemical difficulties, the chic'f of which is the 
difficulty of getting an insoluble and 8nffi<‘icntly clu'ap anode mate¬ 
rial. If a soluble anode material be employed, the expense caused by 
its corrosion may likewise become prohibitive. 

The cost of electric energy involved is another important item. 
If, for example, in the deposition of zinc an insoluble anode be em¬ 
ployed, the electromotive force at the cell terminals would be at least 
3 volts. One pound of zinc, for example, weighing 4r)(> grams 
would require 456 divided by 1.219, or about 374 amiK'rc hours. At 
a pressure of 3 volts this makes a consumption of 3 X374, or 1122 
watt hours per pound of zinc. The cost of this energy would thus 
constitute a serious item of expense. 
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ELECTROPLATINQ 

The most widely extended use of the electrolytic cell is in the 
art of electroplating. This is the art of coating a surface with a thin 
layer of dense adherent metal. Gold and silver are used mainly on 
account of the ornamental properties of these metals, while zinc is 
employed mainly on account of its protective action. Nickel has 
both ornamental and protective properties, and in fact each one of 
the metals capable of deposition has certain properties which give it 
some value in the electroplating art. 

By Simple Immersion. As differing from the art of electro¬ 
deposition, we have what is known as the coating by simple immer¬ 
sion, whereby one metal may receive a deposit of another metal by 
simply dipping it into a solution containing some of the latter metal. 
For example, in dipping a piece of clean iron into a copper sulphate 
solution, a coating of copper is quickly produced. Copper when 
dipped into certain silver solutions, likewise attains a silver coating; 
and coatings of gold are applied to brass by this same method in the 
manufacture of cheap jewelry. 

Coatings obtained by simple immersion are of little practical 
importance, however, due to the fact that the coatings at best are 
either exceedingly thin or are laid down in a porous and non-ad¬ 
herent condition. It is practically impossible to secure an adherent 
durable coating of copper on iron by this method. In fact, it is a 
general purpose of the electroplater to avoid solutions which will 
produce deposits by simple immersion without the aid of the electric 
current. 

PRINCIPLES OF ELECTROPLATINQ PROCESS 

Electroplating Cell. Tlie electroplating cell consists usually of a 
tank or containing vessel for holding a suitable solution of the metal 
to be deposited. Metal bars from which the anodes are suspended 
are placed above the tank. These are connected to the positive 
lead of the dynamo or other source of current, while the bars from 
which the cathodes are suspended are connected to the negative 
lead from the dynamo. 

It is customary to place an adjustable resistance or rheostat in 
series with each tank, so that the amount of current flowing through 
the tank can be adjusted in accordance with the amount of cathode 
surface. It is highly desirable, though by no means common prac- 
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tice, also to include an ammeter in scries with each tank Tor Jiicasur- 
ing the current flow. 

Current Supply. The current supply for plating may la> derived 
from primary batteries, from stonigc batteries, or fn)iu a low voltage 
dynamo. The earlier art of electroplating was d<*pend('nt almost, 
entirely upon primary batteries, but the greatest advance* in tlu* art 
came with the introduction of the ek'ctrit! <lynumo, wlu'reby the <'ost 
of electrical energy was enormously reduced. For small scah* and 
experimental work, a battery source may be most <'onvenient; hut 
for technical work, one of the highly ellicient typ('S of jdating dyna¬ 
mos must be employed. 

The voltage at which the dynamo must run is from thre<* volts 





Fig. 2. Plating Dynamo with Doubla Coinmututor 
Courksy of Munrdna-tincb (UmjHiny 

to six volts and sometimes even higher, dependent upon the gent'ral 
nature of the work to be done. 

The low voltage plating dynamo is in general similar to tla* 
direct-current dynamo used for lighting and power purposes and 
differs in detail mainly in having a very large brush and commutator 
surface for carrying away, with as little heat as is possihh*, the large 
volume of current which is generated. 

To give a large commutator an<l brush kiaring surface, plating 
dynamos are frequently constructed with two commutators. Fig. 2 
illustrates a modern type of plating dynamo. The leads running 
from the dynamo to the various tanks are usually of a very heavy 
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copper w.r<‘ or bar suitable for carrying a large volume of current 
without beating and to produce a minimum drop in voltage. 

big. d .shows the mcthoil of connecting a number of plating 
tanks fed irom one dynamo. ^ 

are usually employed are of the 
soluble tjpc and consi,st of the metal which it is desired to plate, 
n .some rare eases an insolulile anode may be employed but this 
always involves a progressive change in the composition of the 
solution and int(>rteres with simplicity of operation. 


/PAaoC 










Tig. 3, Wiring Diagram for Tank Connections with Two-Wire Generator 
Courtesy of Munuiny-Z/Oob Company 


Factors in Successful Operation. In General As to the gen¬ 
eral methods of operation, the electroplating process is simple, the 
metal being laid down by the action of the electric current, the 
thickness being dependent upon the amount of current and the length 
of time that the current flows. The process of electroplating is, 
however, beset with innumerable difficulties which the plater must 
know how to avoid. Much of the necessary information may be 
found in the various textboob, but the successful practical plater is 
dependent largely upon the knowledge gained through extensive 
experience. 
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Quality of Depodt. The hucwss of oli’ctropliitiiiK tlqK'iuls 
primarily upon the physical quality of the in<-tul dcposiled. While 
in electrolytic refining cohoreu<*o and (hnisity sire not of greatest 




Fig. 4. Some Undesirable Forms of Rloofrolytic DopoHiiH. KtMidinK fium fo Top: 

Nickel, Copper, anti Iron. Bottom: Gas Bubbitss lu Ut'uvy Nit’ktd I)«*pofat, 
Antimony, and i5iii« 

Courtesy of Metal Industry 


importance, density, coherence, and adherence ant iihsoluli'ly essen¬ 
tial for protective and ornamental coalings. In general, then* is a 
tendency for electrodeposits to become rough, es])eeially after attain¬ 
ing some thickness. It is possible to secure metal (h'posits which are 
fern-like or tree-like or, in fact, imitative, of almost all forms of v<‘g(‘- 
tation, and to suppress tliose undesirable forms aiul to secure a 
dense smooth deposit <*onstitules nmch of 
the work of the electroplater. Ileliiulsbe 
can regulate the quality of the dei>osit by 
various methods, such as the di'iisity of the 
^ solution, the composition of the solution, the 
'current density, the temperature, the im¬ 
purities, and various other factors. 

Figs. 4 and 5 illustrate some of the 
forms which deposited metals may assume 
unless suitable precautions are observed. 

Each metal has inherent qualities or tendencies as regards 
deposition. For example, nickel and iron tend to deposit in a fine* 



Fig. 5. Curling of Nickel 
Deposit 

Courtesy of Metal Industry 
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grained dense state; copper is markedly crystalline; lead, tin, and 
silver tend to come down in a loose spongy or leaf-like formation; 
while platinum almost always deposits as an amorphous powder. 
It has taken about a century to develop the electroplating art to its 
present state in which practical working solutions are found for almost 
all of the metals. There is abundant opportunity, however, for 
further discovery of new electrolytes to overcome some of the present 
difficulties. 

Addition Agents. A-notable recent progressive step consists in 
the use of glucose or gelatin, or certain other inorganic materials, 
which, added to the ordinary plating solution, produce profound 
changes in the quality of the deposit. 

PolisMng. It is invariably desired that the resultant surface 
shall be smooth and polished. To secure the polish it is almost 
always necessary to subject the article to a buffing or burnishing opera¬ 
tion. By the use of plating baskets and by the use of certain solu¬ 
tions, however, bright nickel and other deposits may now be secured. 

The electroplatcr must know not only how to make up his 
original solutions from commercial materials, but even more impor¬ 
tant is his knowledge of how to maintain his solutions in constant 
working condition. If the anode metal does not go into solution in 
an amount exactly equal to that plated out at the cathode, the 
electrolyte will become depleted in metal and this must be supplied 
by dissolving up suitable materials. Careful attention is necessary 
to maintain a certain degree of acidity or alkalinity, as the case 
may be. 

Jnjlvcnce of Current Density. The factor which the plater has 
chiefly under his control is the current density. It is usually desired 
that the metal shall be deposited as rapidly as possible, so that the 
output of a given tank shall be a maximum. There is a limit, how- 
ev<'r, beyond which the amount of current cannot be increased, and 
that is determined by the influence of the current density upon the 
quality of the deposit. 

Each metal plating solution has a certain current density, usually 
expressed in number of amperes per square foot of cathode surface, 
beyond which the current cannot go. In nickel plating this is 
usually from five to ten amperes per square foot. In copper plating 
with a sulphate solution the current density may go far beyond this 


331 



22 ELECTROCHEMIHTRY 

figure. Ill general, a current density under t(>n amixTes per sijuare 
foot is employed. 

If the safe current density is exceeded, it prodiu'cs a discolored 
deposit usually termed a bvmed deposit, this term being (‘iiiployc'd on 
account of the resemblance of the coating to an actual heating (‘Ifect. 

Adherence. The adherence of a metal dejiosit ih'pi'iids on 
characteristics of the metals involved as well as upon the <’aro in 
doing the work. If a metal having a high coefficient of expansion is 
deposited upon one having a low coefficient, there will lx* a subscxpu'nt 
tendency for the coating to flake or peel off. This is a factor which is, 
of course, beyond the control of the plater; but a miudi inori; imiiortant 
factor which is entirely within his control is the niethoil of preparing 
the surface which is to receive the plating. I f this is jiroperly doin', 
the deposited metal may actually alloy with the metal to be coated; 
while if it is not properly done, the adherence will be less perfei't. 

The primary requisite for a metal to receive a deposit is (‘h'anli- 
ness. Not only must the surface be freed from ordinary dirt, grease, 
rust, paint, or the like, but it must be chemically fn'e from oxides or 
other tarnishing films, some of which arc so thin as to be invisible. 
If a cleaned article is brought into contact with the hands, a con¬ 
tamination of the surface may be produced which will make a sub¬ 
sequent coating non-adherent. This illustrates the extreme care 
which must be employed. Oils and grease are ri'inovi'd by tin* u.se 
of a hot alkaline solution. Acid solutions and pickles ar(i cmploytsl 
for the removal of oxides. Each metal has its own i)articular acid 
pickle which yields the characteristic and best results, biit these 
details need not be considered here. 

Frindpal Items of Expense. Grinding and polishing constitute 
the most costly part of the electroplating industry. It is a ptirely 
mechanical operation, by which abrasives or polishing materials are 
used either to remove adhering impurities from a surface or to give a 
sxirface the necessary smoothness. It is almost invariaWy true that 
during electroplating the surface becomes rougher instead of smoother 
and irregularities become accentuated rather than covered up. For 
this reason if a*resultant smooth surface is desired, as smooth a 
surface as possible should be started with. Grinding and polishing 
before plating are, therefore, fully as important as the polishing and 
burnishmg after plating. 
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The most important items of expense incident to electroplating 
are labor and materials. Labor is used mostly in the mechanical 
operations in preparing the surfaces or finishing the surfaces and in 
suspending the work in the tanks as well as in removing and rinsing. 
Where very small articles are to be handled, the labor and expense 
of stringing on wires would be prohibitive and for this reason there 
have been developed what are known as plating barrels or drums, by 
which a receptacle full of the small articles is rotated in a plating 
solution and the electrodeposit is formed while the articles are in a 
tumbling motion. 

Fig. 6 illustrates a modern type of rotary'plater in which nails 



Fig. 6. Modem Rotary Plating Machine 
Courtesy of Hanson and Van Winkle Company 


or other small articles are plated without necessitating the stringing 
operation where each piece is handled separately. 

WORKING SOLUTIONS FOR PRINCIPAL METALS 
The following paragraphs give the essential details and satis¬ 
factory working solution for the deposition of each of the more 
important metals. 

Copper. Copper is among the metals which are most easily 
deposited. A large number of different solutions are employed, but 
the action of the two typical ones will be described. 
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(1) Add CopTper Solution. The so-called a<‘id <*oi>iht hath 
may be made up according to the following formula: 

Copper sulphate crystals (blue stone) (CuSO^-|-r)II..()) 2 pouiuls 
Sulphuric acid (HjSOd I <o 1 pound 

Water 1 gallon 

Copper anodes are used with this solution, and the clcctrol.vt<! 
being highly conductive and the anode metal going into solution 
readily, a low voltage is required, usually somewhere betwec'u oiu^ 
and two volts. This depends upon the current density (‘inploy<'<l and 
upon whether the anodes and cathodes are far apart or close togcdluT. 

The current density is usually from 10 to 20 ainpcTcs ])('r scpiani 
foot of cathode surface where the electrolyte is kept tpiiet. By 
rapidly circulating the electrolyte, however, much liigher <‘urr('nt 
densities may be employed while obtaining satisfactory (h'posits. 
With rapid circulation, current densities as high as 100 ampiTcs and 
over may be employed. 

This acid copper bath is used mainly for eleetrotyping and tin* 
deposition of copper in thick coatings. It cannot be. employed 
satisfactorily for depositing directly on iron, because of the fact that 
iron throws the copper out by simple immersion ami j)roduees a 
loosely adhering deposit. Wlien it is desired to eop{)erplato on iron, 
the iron must be first given a preliminary coating from the so-ealh'd 
alkaline bath or the cyanide solution. 

(2) Alkalim Copper Solviion. Potassium cyanuUi is an e.veee<l- 
ingly important chemical compound for dectroplating use. It has 
the property of dissolving in water and then dis.solving up various 
metal compounds, such as copper, gold, and silver, to produci! exe<‘l- 
lent electrodeposits. The chief objection to its use is its deadly 
poisonous nature. 

For preparing a cyanide copper bath, about IJ pounds of 
potassium cyanide is dissolved in a gallon of water. Three-fourths 
of this solution is wanned up and in it is dissolved copper carbonate 
to the saturation point. About 12 ounces of the carbonate will thus 
dissolve. After pouring off the clear liquor, the remaining one- 
fourth of the original cyanide solution is added and the electrolyte is 
ready for use. 

Copper anodes are employed and an electromotive force of from 
3 to 6 volts is necessary to get the results. A current density of 
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from 20 to 30 amperes per square foot may be used, although in 
operating under these conditions the amount of copper deposited is 
much less than is indicated by Faraday^s law. 

Nickel. The nickel bath in most general use is a saturated 
solution of the so-called double nickel salts. This consists of nickel 
ammonium sulphate [(NH 4 ) 2 .S 04 NiS 04 + 6 H 20 ], twelve ounces of 
which will dissolve in one gallon of water. Nickel anodes, usually 
in the form of an impure cast nickel, are employed. 

Some recent changes including the use of chlorides have 
resulted in improvements, but the old standard solution is in almost 
universal use. 

In starting a batch of work, it is customary to employ a voltage 
of from 2 to 6 volts for a few minutes and then reduce to 2 or 3 volts, 
or even less. A current density of less than 10 amperes is all that 
can be economically employed. Too high a current density results 
in a black or burned deposit of nickel. 

The above are simply illustrations of electroplating baths and 
are typical of those used for the deposition of zinc, silver, gold, etc. 

PLATING NON-CONDUCTING BODIES 

An interesting branch of the electroplating art has developed 
recently and has attracted marked attention on account of the 
novelty and beauty of the work which is being done. Fig. 7 shows 
how silver has been deposited upon glass and illustrates one of the 
numerous applications of a metal coating to a non-conductive mate¬ 
rial. Lace and other fabrics are being metallized; small animals, 
insects, flowers, leaves, and the like, can be coated electrolytically 
and thus be perpetuated in form and given the beauty of color 
through the range of those colors that lie under the control of the 
electroplater. 

Rendering Surface Conductive. An essential step in the depo¬ 
sition of metals on non-conductive materials is first to render the 
surface conductive. This can be done in numerous ways; the best 
known being that illustrated by the practice of the electrotyper who 
takes a wax impression or mold from a form of type or metal design 
to be duplicated. This wax form is earefully dusted and brushed 
with a layer of high-grade conductive graphite, which, when applied 
to the mold, makes it appear like stove polish. This is the conduc- 
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tivc surface which must constitute tlie sturtiiif? point for the shell of 
copper which is subsequently to be depositt'd. For i’ahrii'S, flow(>rs, 
leaves, or the like, the graphite W'ill not adhere until first a layer of 
shellac or other sticky material is applied. 

To avoid the use of graphite and the troublesome nn'thods of 
applying, various chemical processes have been d('\’lse<l, A pri'Iini- 
inary metal coating is obtained by dipping the article into a solution 
of a metal which is easily reducible. The wet surface is then treated 
with a reducing agent to throw out tlic metal, after whieh the plating 
can proceed by the ordinary chemical process. A solution of silvtT 

or platinum is suitable*; phosphorus, 
pyrogallic acid, and various other re¬ 
ducing agents may be emplo.v(‘d. 

Plating on Class. For plating on 
glass where the demun<l is for orna¬ 
mental elTect as well as a strongly 
adherent deposit, the glass may be 
rendered conductive by applying a 
metal paint, such as finely ground 
silver in turpentine, and then h<>ating 
in a reducing atmosphere, under whieh 
conditions the silvtT will actually fuse 
to the glass. After cooling down, 
the glassware is wired in th<! ordinary 
way and put into the plating tank 
Kg. 7. suvor Deposit op Gloss where tlic metal is deposit i'd to the <le- 

Courtesy of Metal Industry . i . ^ , 

Sired tluekness. 

DECOMPOSITION OF SALT SOLUTIONS 
SODIUM CHLORIDE 

Salt, NaCl, is a low priced and abundant material, which upoji 
electrolytic decomposition may produce a number of valuable 
products for which there is a ready market. The apparent profits 
have attracted numberless inventors and, out of a large number of 
cells and processes which have been patented, a few have attained 
notable industrial success. 

Decomposition of Solution. As explained on pages 41 to 
44, the simplest and most direct way of decomposing salt is by the 
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fusion process, electrolysis yielding sodium and chlorine. But the 
great difficulties have confined most of the electrolytic work to the 
decomposition of aqueous solutions of salt. 

Illustrative Eocperm^nL A simple experiment, easily per¬ 
formed, will illustrate one practical application of sodium chloride 
electrolysis. A solution of salt in water, about five to ten parts to 
one hundred of water, is placed in a glass or other non-conducting 
vessel, Eig. 8. Two graphite electrodes are inserted and a direct 
current is caused to flow for an hour, at a current density of from ten 
to twenty amperes per square foot of anode surface. After the 
solution has then been electrolyzed, it has remarkable disinfecting 


Cl on libera*'ion goes 
//?/<? solution and some J 
escapes as ^as ) 


anode: cathode 



Fifi 8. Section of Electrolytic Cell Showing Decomposition of Sodium Chloride 


and bleaching properties. A piece of colored doth may be whitened, 
and one quart of the solution may sterilize a hundred thousand 
quarts of contaminated drinking water. Offensive odors may be 
quickly destroyed by the remarkable oxidizing power of this liquid. 

As a result of these properties, this electrolytic.cell has a field 
of usefulness in laundries; in textile mills; for purification of city 
water supplies; for disinfecting public swimming tanks; for treatment 
of sewage, for hospital use, and for many otlicr purposes. A notable 
achievement has been the purifieation of an island in New York 
harbor which had been for years a dumping place for garbage, and 
which had become a public nuisance from the odors evolved. The 
purification was effected by electrolyzing sea water in wood tubs, 
using platinum anodes, and then pumping this solution on the 
laud. 
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On account of the simplicity ami cfTcctivcnoss of the process, 
much attention has been drawn to it, and it natunilly follows that 
extravagant and unwarranted claims have betm made for it. 

The oxidizing power of the electrolyzed salt solution is depend¬ 
ent upon the presence of sodium hypochlorite, NuO('l. 'Phis is 
similar in composition and chemical action to so-called chloriile of 
lime or bleaching powder, w'hich is calcium hypoehloriti', ('a(0( 'l)j. 

Action in Cell. A study of the chemical changes which take 
place in this type of electrolytic cdl, shows how sodium hypochlorite 
and various other substances may be produced. 

Na-t-H,0=NaOn-|-n (1) 

2NaOIH2CI=NaOCl-l-Nari-t-1) (2) 

“ 6Na0H-l-GCl=NaC10s-l-r)Na(ll-l-:ilI.,() CO 

While there are numerous reactions which take place, the 
simplest and most important arc tliose set forth in ccpiations (1), 
(2), and (3). 

The primary action of tlie electric airrent is to draw the chlorine 
ions toward the anode, and the sodium ions toward the <‘athodc. 
where they]are liberated in an amount to agree with Faraday’s law. 
The sodium cannot exist in the free state in contact with wat«T, 
hence the reaction (1) takes place by which hydrogen is lila'rated as 
a gas, and a solution of sodium hydrate or caustic soda is formed. 
This is very soluble and diffuses throughout the electrolyte. 

The chlorine which is liberated at the anode is soluble to some 
extent in the electrolyte, and it is only when liberatcil rapidly that 
some of it escapes as a gas into the atmosphere. There is, howt'VtT, 
a strong affinity between chloride and sodium hydrate, and a (‘hem- 
ical action shown by equation (2) takes place; that is, souui soditun 
hypochlorite, NaOCl, is formed, together with an eciuivalent amount 
of salt and water. 

If there is an excess of sodium hydrate, and the temi>eraturc is 
raised, the reaction becomes that shown in equatitm (3) where 
sodium chlorate, NaClOj, is formed, together with salt and watcT. 

The conditions can be regulated so as to favor cither one of the 
reactions. That is, either hypochlorite or chlorate can be prcxluccd 
at the will of the operator, by variation of temperature, density of 
solution, and duration of electrolysis. Both of these materials have 
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strong oxidizing power and both have important technical applica¬ 
tions. 

It is evident that the decomposition of potassium chloride, 
KCl, may be effected in the same manner as the sodium chloride, 
and by its decomposition practically all of the potassium chlorate of 
commerce is now produced. This is a material used extensively in 
the manufacture of matches, explosives, and for other purposes 
where a strong oxidizing agent is needed. 

MANUFACTURE OF HYPOCHLORITES 

Chemical Action. As indicated above, the production of 
sodium hypochlorite takes place in accordance with the equation 

2Na0H+2Cl=Na0Cl+NaCl-l-H,0 

As the process continues there is a steadily increasing amount of 
sodium hj'pochlorite in the solution and, like the salt, it may in turn 
be decomposed by the current. When this occurs oxygen is liberated 
at the anode. Therefore it is possible to attain only a certain 
strength of solution before the hypochlorite is decomposed as rapidly 
as formed, and for the sake of economy of energy the concentration 
of hypochlorite is not usually carried much beyond ten grams of 
active chlorine per liter of solution. In using this solution for 
bleaching and disinfecting purposes there is a considerable consump¬ 
tion of undecomposed salt which is necessarily lost, and which adds 
to the cost of the process unless a very cheap source of salt, such as 
sea water, is employed. The important items of cost in sodium 
hypochlorite production are the following: salt, which is decom¬ 
posed together with that which accompanies the hypochlorite 
solution; electrical energy; and anode renewal. Since oxygen is 
liberated at the anode, and since carbon and graphite corrode under 
such conditions, the anode loss may be considerable. The cost of 
eh'ctrolytic hypochlorite is usually greater than that at which an 
cciuivalcnt amount of bleaching powder can be purchased. Never- 
tlu'lcss on account of convenience, cleanliness, and greater effective¬ 
ness of stsliura hypochlorite over calcium hypochlorite, this type of 
cell has extensive use. 

Commercial Electrolyzers. Among the types of commercial 
electrolyzers for hypochlorite is the one illustrated in Fig. 9, This 
shows a supply tank for dilute salt solution, feeding in a steady 
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stream into the stoneware trough or eleotrolyzor. The overflow 
from this tank carries the hypocliloritc solution into the largtT 
rectangular storage tank below. 

Since a pressure of about 5 volts is all that is nwled between 
the anode and cathode, if current be taken from an ordinary lighting 
or power circuit, usually carrying a pressure of 110 volts, a rheostat 



Fig. 9, Chlorinator, or Electrolyzer, for The Beoompoiitlott of Balt 
Courtesy of the Yalhalla Company 


to reduce the pressure at the cell terminals to 5 volts will be iiccrcs- 
sary. Since this is exceedingly wasteful of electric energy, it is 
avoided by placing a suitable number of cells in series so that htth‘ 
or no rheostat regulation is necessary. This is accomplished in the 
apparatus illustrated by placing a number of partition of graphite 
plates spaced evenly along the trough and separated by insAlating 
cleats. The end plates are connected to the high voltage source of 
current. 
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This construction is illustrated diagrammatically in Fig. 10. 
Fourteen compartments are shown, divided by graphite plates. 
Each compartment acts as an electrolytic cell, the electric current 
flowing in at the left end plate, and the left-hand side of the next 
plate acts as the corresponding cathode. The right-hand side of 
this same plate serves as the anode for thg next compartment, and 
so on. This construction serves as a simple method of connecting 
cells in serines without using a containing vessel for each pair of 
electrodes. 

The salt solution flows downward between plates 1 and 
under plate 2 which is spaced a short distance from the bottom, 
upward between plates 2 and S, over plate 3 and then downward, 
and so on through the electrolyzer. The rate of flow of the solution 



Fig. 10. Section of an Electrolyzer for Salt Solutions 


is adjusted so that by the time it has passed through the last com¬ 
partment it has been electrolyzed to the desired strength. 

MANUFACTURE OF CHLORINE AND CAUSTIC SODA 

A process of far greater industrial importance than the produc¬ 
tion of sodium hypochlorite is the electrolytic decomposition of salt 
solutions for the manufacture of dilorine and caustic soda. The 
chlorine which is liberated is absorbed by lime in the manufacture 
of bleaching powder, or it may be taken up by lime solution to form 
a hypochlorite bleach liquor. 

Practically all of the bleaching powder now on the market is an 
electrochemical product. Paper mills and other larger users of 
bleaching powder have installed, or are installing, electrochemical 
plants for this purpose. Caustic soda, which may be considered a 
by-product of this industry, is in great commercial demand and 
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electrolytic caustic has largely replaced the products of the old 
methods. 

Difficulties. In order that the electrolytic cell iniiy dt'liver 
chlorine and caustic, it is evident that the construction and opera¬ 
tion must be such as to prevent these materials coming togellu'r 
within the cell. Otherwise there would be formed sodium hypo¬ 
chlorite, which is decidedly detrimental; in fact the most elfectivt' 
test of the value of the electrolytic cell is the freedom from 
hypochlorite within the cell. 

Since the cathode pnxluct is e.xtrt'nu'ly 
soluble in the electrolyte and the chlorine' 
liberated at the anode also has considerable 
solubility, tlie problem of kee'ping these prod¬ 
ucts separate is more difficult than is the 
separation of oxygen and hydrogen in the 
electrolytic decomposition of water. Several 
successful metliods of effecting this have been 
devised, the principal ones being the use of 
some kind of a diaphragm, and tlm use of 
mercury as the cathode material. 

Methods. Diaphragm. CcIId. As illustrat¬ 
ing one of the several types of sueec'ssful dia¬ 
phragm cells, the Townsend cell may Ix) 
referred to. This is employed in a larg(' plant 
located at Niagara Palls. 

The cell construction is shown diagram- 
maticallyinFig.il. The central compartment 
-d contains the graphite anodes D. The anode 
channel is made up of a U-shaped framework of 
cement construction, the sides being closed by a shwt asbestos 
diaphragm B of special construction. ,Ou the outside of the dia¬ 
phragm jB, perforated iron girds are bolted tightly to the framework. 
On the outside of the cathode sheets are channels for the collection 
of the caustic soda. The particularly novel feature of this cell is 
that the two outer channels are filled with kerosene oil. The caustic 
soda solution which is formed at the cathode trickles through the 
diaphragm and sinks through this layer of oil and is drawn off 
through outlets F. This oil together with the diaphragm is intended 



342 




ELECTROCHEMISTRY 


33 


to secure the complete removal of the caustic from the anode liquor. 
The brine solution to be decomposed is introduced into the anode 
chamber and the rate at which the solution flows through the oil is 
determined by the height of the liquid in this compartment with 
respect to the height of the oil column in the outer compartments. 

The removal of the alkali is so effective that very high current 
densities can be used and still maintain high current efficiency. 
These cells can be constructed to use 2500 amperes each. The oper¬ 
ation of the cell shows a current efficiency of from 90 to 95 per cent, 
operating at a pressure of from 4.| to 5 volts per cell. The caustic 
which is drawn off from the cathode channels is a 15 per cent solution 
with an equal amount of undecomposed salt. The distinguishing 
feature and greatest limitation of all types of diaphragm cells 
are that the cathode solution which is drawn off consists of a 
mixture of both salt and caustic. A separation of these materials is 
necessary to put the caustic into a marketable condition and to 
prevent unnecessary waste of salt. This is accomplished by evap¬ 
oration, the salt crystallizing out as the solution is concentrated. 

Mercury Cells. Mercury has a remarkable property when used 
as the cathode in a salt solution, which is of great interest from a 
scientific standpoint and of great value from an industrial standpoint. 
When sodium is liberated on most cathode surfaces, it immediately 
unites with the water of an electrolyte to form caustic soda aiad 
liberate hydrogen. If, however, the cathode is mercury, the mercury 
absorbs the sodium before it has time to react with the electrolyte. 
It takes it in the form of an alloy or amalgam up to several per cent 
of its own weight. The completeness with which the sodium is 
taken up by the mercury depends somewhat upon the temperature, 
but more especially upon the purity of the mercury. 

If this lead mercury amalgam be removed from the cell and 
placed in another compartment, it may be made to give up its 
sodium by using the amalgam as the anode. The sodium then goes 
into solution and forms sodium hydrate and liberates hydrogen upon 
the cathode. A simple method for making the amalgam act as an 
anode is to bring in metallic contact with it an electronegative 
material such as carbon or graphite. 

The (^istncr cell is one of the oldest and most successful of the 
mercury type. Its construction is shown diagrammatically in Fig. 12, 
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where it is indicated that the cell is divided into throe compart¬ 
ments by two vertical partitions extending almost to the bottom of 
the cell, but not making a tight joint therewith. A and 0 <>onstitute 
the anode compartments in which graphite anodes arc employed. 
A layer of mercury rests on the bottom of the cell, making a seal 
beneath the two vertical partitions. The current is conducted 
away from the cell through the iron cathode in channel Ji. The 
current to flow through the cell must pass from the anode through 
the brine solution, thence to the mercury, and from the mercury 
through the caustic solution in compartment Ji, then to the iron 
cathode, and thence from the cell. The sodium mercury amalgam 
is formed in the anode compartments and this amalgam is transferred 



to the cenctal compartment by a slow rocking motion which is given 
to the cell., The amalgam, therefore, surges back and forth, and 
while passing through the central compartment acts as anodic 
surface. 

The actual operation of this cell introduces various complica¬ 
tions which need not be described here, but the cell has been very 
successful from a commercial standpoint in producing chlorine and 
caustic soda of high purity. An obvious limitation on the con¬ 
struction is the necessity of rocking the entire cell and this feature 
has been avoided in thfe construction of another successful type of 
mercury cell known as the Whiting cell. 

The cell body is a stationary, massive construction of concrete 
in which the mercury rests in thin layers in the anode compartments. 
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There are a number of divisions to the anode compartments and the 
mercury from each of these devices is discharged intermittently and 
in rotation into the oxidizing chamber where it comes in contact 
with graphite plates against which it gives up its sodium to the 
caustic soda solution. After the sodium has been extracted, the 
purified mercury is elevated by a stoneware wheel so that it flows 
back again into the anode compartments. The construction of this 
cell is illustrated in Fig. 13, and Fig. 14 shows a large sized working 
plant of this construction. A cell 6 feet square takes 1400 amperes 
at a voltage of about 4 volts. A pure caustic is produced and, on 



account of the high current efficiency, there is little hypochlorite 
production and, therefore, small anode loss. 

Relative Advantage of Mercury and Diaphragm Types. In view 
of the rapidly extending use of cells for decomposing salt, there is 
much discussion as to the relative merits of the mercury and dia¬ 
phragm types of cells. The most important advantage of the 
former is its ability to produce a pure caustic soda solution, thus 
avoiding the expensive plant and costly operation of removing the 
salt from the caustic. On the other hand, the diaphragm process 
has the apparent advantage of cheaper cell construction, since the 
use of the costly mercury is avoided. Many other factors of lesser 
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importance must be taken into account in considering the relative 
merits of the two types of cells, including the depreciation, anode 
renewal, cost of salt, cost of power, labor, etc. Whether or not one 
cell has the advantage of the other depends to some extent upon 
local conditions. 

ELECTROLYTIC HYDROGEN AND OXYGEN 

Uses of Hydrogen and Oxygen. Hydrogen and oxygen have 
extensive industrial applications. In addition to their many uses in 
chemical manufacture, these two gases are coming into extensive 
employment for oxy-hydrogen welding, and for other metallurgical 
operations. Oxygen is also used for similar purposes in connection 
with acetylene, and other hydrocarbon gases. Hydrogen is an 
excellent chemical reducing agent, and one of its large applications 
is for aeronautic use. 

Hydrogen is given off at the cathode as a by-product in the 
decomposition of salt solutions and in various other electrolytic 
processes, and is usually regarded as a waste product. Oxygen is of 
greater value. It is produced to some extent by the liquefaction of 
air and its subsequent distillation. In this case it is mixed with a 
small amount of nitrogen but enough to prevent its most efficient 
use in attaining high temperatures in combustion operations. The 
pure gas can be made most economically by the electrolytic method, 
and the simultaneous production of both oxygen and hydrogen 
constitutes a profitable electrolytic industry. 

Cells for Decomposing Water. Electrolytic cells of various 
types have been developed. They all employ either a sulphuric 
acid, or a sodium or potassium hydrate solution as electrolyte. 
Where the acid solution is used, lead is the material used in the cell 
construction; while with the alkaline electrolyte, iron is employed. 
This choice of materials is made because of the insolubility of lead 
and of iron in the respective solutions. It is obvious that insoluble 
anodes must be employed to allow the escape of oxygen. 

Separation of Gases. An important point to bo attained in 
water decomposition is that the anode and cathode products be kept 
as completely separated as possible. The bubbles of hydrogen 
coming off the cathode surface must not mingle with the oxygen 
bubbles from the neighboring apode surface. Otherwise impurity 
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of products results and, what is of greater importance, a liability of 
explosion is produced. Numerous fataliti(>s hav(^ r(>sult<'(l through 
inadequate precaution in this respect. 

The electrodes must be placed as near togetluT as practicable to 
reduce the resistance and the power consumption to an (‘(•onomi<>ai 
figure. • 

A 20 to 30 per cent sulphuric acid solution has a lu'thT coiahic- 
tivity than a 10 to 25 per cent alkali solution. On tlu' otlu'r hand, 



it takes asomewhat higher electromotive force to liberate oxygen and 
hydrogen from the former solution, so that eleetrolyiicrs nsitig the 
caustic soda or caustic potash have a .slightly lower energy eousumiv- 
tion than have those using the acid. The current efficiency ap¬ 
proaches dose to 100 per cent; tliat is, the oxygen and hydrogen are 
liberated in almost exact accord with Earaday’s laws. This is essen¬ 
tial to produce gases of the highest purity—about 99 per cent pure. 
Since the acid or alkaline is added to the electrolyte to give the 
conductivity to it and water alone is decomposed, it is necessary to 
add distilled water from time to time to replace that electrolyzed. 
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Types of Cells. Among the various types of electrolyzers em¬ 
ployed are the following: 

Sclioop. The Schoop system uses sulphuric acid and cylindrical 
lead-lined vats containing a number of vertical electrodes. These 
are in the form of long tubes filled with fine lead wire to increase the 



Fig 1(5. vSueiioiiH of Sclmckcrt Eleoiiolyzor 


active electrode surface, each electrode being surrounded by a cylin¬ 
drical txibe of non-couductive material open below and perforated 
toward the bottom to allow the flow of current. The gas generated 
inside of this tube passes upward, where it is collected. This appa¬ 
ratus is illustrated in Eig. 15. 

Schmidt. The Schmidt electrolyzer uses an alkaline electlrolyte 
and the construction resembles a filter press. The electrodes are 
iron plates corrugated and are separated by diaphragms of asbestos 
with rubber packing around the edges. The purpose of this diar 
phragm is to keep separate the anode and cathode gases. 
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Schuckert Another illustration of the alkaline type of cell is 
known as the Schuckert. In this an iron trotigh is divick'd into a 
number of compartments by vertical partitions of an instilatiii}!: 
material extending from the top three-quarters of the way down the 
cell. These compartments contain alternately iron aiiodes and 
cathodes. Iron hoods suspended between the partitions carry off 
the gases. The construction of this cell is sliown in Fig. Ki. 

A full sized plant equipped with International ().\yg('U ('ompany 



Fig. 17. Installation of an Oxygt'n-nydrogon lUant 
Courtesy of International Oxyom Company 

cells is shown in operation in Fig. 17. For these cells a pressure 
of from 2| to 3 volts and a current of (SOO amperes is ri'ciuirwl. 

Plant Equipment. An essential part of any electrolyti(; plant is 
a high pressure pump which is used to compress the gases into tanks 
for storage, although when the gases are to be ustnl where manu¬ 
factured, large tanks such as are used in gas works may bo sufficient. 
Precautions against explosions must be carefully observed. In oper¬ 
ating the compressor oil is not permissible for cylinder lubrication on 
account of the possibility of the oil getting into the oxygen and 
forming an explosive mixture. . Glycerine is commonly employed for 
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this purpose. Among other safeguards is the use of either an iron 
tube kept at a red heat or a tube filled with platinum sponge, or 
similar contact material. The gases from the electrolytic tanks will 
pass through such tubes, and whatever hydrogen there may be in 
the oxygen, or whatever oxygen there may be in the hydrogen, is 
consumed in producing water, and the purification is thus effected. 

The gases when used for blow-torch purposes are passed through 
water-cooled funnels to prevent any possibility of the flame traveling 
backward into the tanks. 

In view of the improvements being made and the high economy 
of the process, the electrolytic generation of oxygen and hydrogen 
promises to become an industry of great importance. 

FUSED ELECTROLYTES 

The majority of chemical compounds which are solid at ordinary 
temperatures become conductive when heated up to and beyond the 
melting points. The nature of this conductivity is usually electro¬ 
lytic; that is, the molten materials are electrolytes which are cai)able 
of undergoing decomposition during the passage of a direct current. 
The conductivity of these materials is usually of about the same 
order as that of aqueous solutions. 

The fact that we have molten electrolytes is of considerable 
technical importance, for upon it is based the recovery of various 
metals which would decompose water and, therefore, be unrecover¬ 
able by use of an aqueous solution. The aluminum industry is 
based upon the decomposition of a fused aluminum compound. 
The production of calcium, of sodium, and of magnesium is likewise 
dependent upon the decomposition of fused compounds of tlicsc 
respective metals. ' 

MANUFACTURE OF SODIUM PRODUCTS 

Fused Salt* The chemistry of the decomposition of melted salt 
is much simpler than is the (‘hemistry of decomposition of aqueous 
solutions of salt. The electrolyte consists of only two elements: 
sodium and chlorine. Salt can be melted at a temperature of about 
900® C. (a bright red heat). When placed in a suitable container 
and with an anode of carbon and graphite and a cathode of iron or 
other suitable metal, the sodium is liberated at the cathode and the 
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chlorine at the anode. These two elements bt'ing liherutt'd liuv<‘ 
nothing with which to react, as in the case, of iwineous solutions, and 
they will thus be recovered in the free state. 

The simplicity of this process is, however, apparent ratlier than 
real when considering the various practical (lifli<‘nlties which ari' 
encountered. These diflBculties depend upon thci high t<'inp<'ratur(', 
under which condition the sodium vaporisces and has to he e<K)l(Hi 
by some suitable method. Such suitable method, howevi-r, has not 
been worked out technically. The chlorine which conu's oil* at tlu* 
anode being very hot is correspondingly active and the colh'ction 
and cooling of this material presents difficulties. Also the construe- 



Fig. 18. Sections of Acker’s CauHtic fioda Furnace 
Copied frem The Electric Furnace, hy Alfred HtanaJtiUl 


tion of a containing vessel which will resist the attach of fused sjdt 
as well as of the liberated sodium and chlorine, is not a siinjiU' mat ter, 
and the practical difficulties have defeated many attemids to carry 
out this process. 

Acker Process. Perhaps the most successful attempt, has bi“cn 
the so-called Acker process, which was used for a number of y<>ars at 
Niagara Falls. In this process the fused Nat -1 was (‘ka’trolyicc'd in a 
cast-irOn cell of peculiar construction and lined with inagnc'sia bricks. 
A cross section of this cell is illustrated in Fig. 18. 

The cathode covering the bottom of the cell is fused lead above 
whicjh rests a 6-incH layer of molten salt S' and dipping into this are 
a number of graphite anodes E with terminals coming up through 
the tile roof of the cell T. 

This process works upon the interesting principle that, wheh 
sodium is liberated upon molten lead, it alloys with the lead, forming 
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an amalgam similar to the amalgams of sodium and mercury of the 
mercury process. To prevent the amalgam becoming too rich in 
sodium, the sodium is continually extracted from the molten metal by 
blowing steam through it by pipe F, as indicated in the right portion 
of the diagram. The steam on coming in contact decomposes the 
sodium to form sodium hydrate, NaOH, and liberates hydrogen. 
The molten caustic soda thus produced flows out of the cell through 
at F>. The reaction between the steam and the amalgam is violent 
and causes a vigorous circulation of the molten lead. 

The chlorine which is liberated in the anode is drawn off from 
the anode chamber under a slightly reduced pressure by means of a 
fan. This causes some inflow of air through the c’Jcvices in the 
cover and the gaseous products thus drawn off consist of one volume 
of chlorine to about ten times the volume of air, the chlorine being 
then extracted from this mixture by means of lime to form the com¬ 
mercial bleaching powder. 

These cells took about 800 amperes at a voltage of about 7 
volts, the current efficiency being about 93 per cent. 

The anodes w^ere found to have a high durability unless a con¬ 
siderable amount of impurity was in the salt; the presence of sul¬ 
phates, for example, causes anode corrosion. 

The caustic soda produced from this cell is in a fused condition, 
which on solidifying furnishes a marketable product without the 
necessity of evaporation involved by the aqueous electrolytic 
methods. 

The high temperature difficulties and the difficulties of cell con¬ 
struction have apparently made it impossible for the fused electro¬ 
lytic cell to compete commercially with the aqueous methods of 
sodium chloride decomposition, although future improvements may 
reverse this condition. 

Metallic Sodium. In the manufacture of metallic sodium the 
electrolytic methods have replaced the older chemical methods and 
tlie succ‘ess has been dependent upon the use of a fused electrolyte 
which melts at a point much lower than that of salt. The process 
in most general use is the Castner process, which employs molten 
caustic soda, NaOTI. This is contained in an iron*vessel, Eig. 19. 
In this apparatus there is an extension below the cell for the cathode 
rod J) and it becomes sealed by the solidifying of some of the sodium 
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hydrate at G. The cathode may consist of any one of several metals, 
iron behig preferable. A cylindrical nicked anode (■ surrounds tin* 
cathode and between the electriules is suspended a cylindrical scret'u 
of iron gauze. This prevents the sodium globules which are liberati‘d 
on the cathode from floating over to the anode'. The sodium which 
floats to the surface is ladled out periodiceilly from /<’ through the' 
cover. Eor successful working, the temperature sheiulel be imein- 
tained by external heating as le)W as pe>ssible-- neet nieiree than 20']>e'r 
cent above the melting point of the materied. 'The senne'what 
impure material commonly used has a melting pe)int of abenit 1100® C. 



Pig 19, Costner’s Sodium Purnaco 
Copied from The Ekclric Purnacct hy Atfrvd Slansfield 


A single cell holds about 250 pounds of molten NaOlI, take's a e'urre'ut 
of 1200 amperes at about 5 volts, and we)rks eit a enirrent ('flie*iene'y 
somewhat less than 50 per cent. 

MANUFACTURE OF ALUMINUM 
Aluminum is a metal which a half century age> was alme)st a 
chemical curiosity but which has now become one e»f the common anel 
most useful metals in every day service. Althe)ugh aluminum is one 
of the most abundant of the elements constituting the earth’s crust, it 
has been locked up so tightly in combination with oxides, silicates, 
fluorides, and the like, that it has resisted until recently all efforts to 
isolate it in the metallic state. This has been finally accomplished 
in a practical way by electrolysis of fused aluminum compounds. 
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This element is found as an important constituent in most 
days, but the known methods of extraction do not yet permit tlie 
use of such materials as an aluminum ore. Bauxite, which contains 
a high per cent of aluminum as hydrated oxide, is used almost 
exclusively in this industry, but to adapt it to the electric furnace 
requires, first, a chemical purification to remove such objectionable 
elements as iron, silicon, and titanium, after which process the 
material to be treated consists of a pure aluminum oxide, Al^Oj. 



The history of the aluminum process is interesting in that it records 
the almost simultaneous discovery of similar processes in America and 
in Europe. To Mr. Charles M. Hall is accorded the honor of working 
out the method commonly used in this country and by which the 
entire consumption of aluminum in America is supplied. 

Hall Process. Type of Cell. The typical electrolytic cell. Fig. 
20, may consist of an iron box about 6 feet long, 3 feet wide, and 3 
feet deep, lined with a thick layer of conductive carbon. This layer 
prevents the fused material from coming in contact with an iron 
container and it also acts as the cathode terminal of the cell. The 
anode consists of a multiplicity of carbon rods 3 inches in diameter, 
suspended vertically in rows and numbering perhaps 40 to 60. 
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Solvent for Aluminum Oxide. The important discovery upon 
which this process is based was in finding a suitahh^ solvent. Tor the 
aluminum oxide. Such solvent was nioltt'n cryolites being a eoin- 
bination of sodium and aluminum fluorides, re'pn'semted by formula 
3NaF.AlFj. Calcium fluoride, CaF^, is also added on n<‘eount of 
its influence on the fusibility. This molten nuiterial readily <lis- 
solves a certain amount of the aluminum oxides e'onslituting a true 
electrolyte which undergoes decomposition upe)n the^ passage of the 
current. 

A layer of charcoal is placed on te)p of the tnolten bat h to protect 
it from oxidation, and the dry aluminum eixide^ is feel through this 
layer to replace that decomi)ose'el. 

Adion of CwrenL A cell, suedv as de*seribed, take's about. 10,1)00 
amperes of current at a pressure e)f 5.5 volts or upward, de*pending 
upon the condition of the bath. 

In this cell the current serves a elouble purpose* of heating the 
bath anei keeping it in the pre)pe'r rae)lt.e'n e'ondition for e'leetrolytie 
decomposition. The aluminum is de'positcd on the e-arbon bottom 
constituting the cathode. At the working tempe-rature' the nu'tal is 
molten and having a greater specific gra\’ily than tin* electrolytt* 
stays on the bottom. After it has accumulated to a suitabh* amount, 
it is tapped off. 

At the carbon anodes a corresponding amount of oxygt'ii is 
liberated and, at the temperature necessary for operation, this oxygt'ii 
unites with the anode carbon to form carbon monoxi<h', a gas which 
on rising upwards burns in contact with the air to ('(),. The eom- 
sumption of carbon may thus amount to from .5 to .7 of a pound, 
although on account of the action of the air on the heuf('<l carbon 
anodes and the scrap anodes which are produc'cd, the <'onsujnption 
may run up to about one pound for each pound iif mut<>rial. The 
current eflflciency is reported as being from 70 to 80 per cent. 'The 
energy consumption is stated to be about 23,000 kilowatt hours i)er 
ton of metal, or stated in other terms, one electrical horsepower a 
year will produce about one-quarter of a ton of aluminum. 

Electrolyte. The electrolyte consists in the main of a numlKT 
of compounds, chiefly sodium fluoride, aluminum fluoride;, and 
alumimun oxide. It is a well-known fact in electrolysis tliat that 
compound in the electrolyte which has the lowest decomimsition 
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pressure will be the first one to be decomposed by the current. The 
following figures show why it is that the aluminum oxide undergoes 
decomposition rather than the sodium fluoride or the aluminum 
fluoride: 

NaP —^4.7 volts, decomposition pressure 
AlPg —^4.0 volts, decomposition pressure 
AI 3 O 3 — 2.8 volts, decomposition pressure 

If during electrolysis there is an exhaustion of the aluminum 
oxide, the aluminum or the sodium fluorides may then be decomposed; 
this also happens to some extent if the current density is run too high. 

The increasing demand for aluminum promises to make this 
industry of increasingly greater importance and this will be accentu¬ 
ated as the price is reduced. A scarcity of suitable ores is becoming 
felt and increased attention is being given to the extraction of kaolin 
and other cheaper and abundant materials. 

ELECTRIC FURNACE 

The use of electrical energy for the production of useful heat is 
becoming revolutionary not only in the field of metallurgy or tech¬ 
nical chemistry where heat is utilized, but also in its effect upon the 
electric power industry. It is furnishing a load for power stations, 
or in other words a market for their product. Where heat from 
electrical energy is used for low temperature operations, such as 
cooking, drying, soldering, and the like, it is not generally classified 
as a branch of electrochemistry. When, however, high temperatures 
are attained, we pass into what is generally considered the field of 
electrochemistry. There is, however, no sharp line of demarcation 
as between low temperature and high temperature electric heating. 

The device or structure used for transforming electrical into heat 
energy, where high temperatures are required, is called an electric 
furnace. The ability of the electric furnace to attain temperatures 
far beyond those hitherto available by other methods gave it a dis¬ 
tinct field of usefulness in which it did not have to compete with 
existing furnaces. By the use of these temperatures many of 
nature’s most closely guarded secrets have been revealed; a new 
chemistry of high temperatures has been evolved,* new ideas as to 
the constitution of matter have been developed; new methods of 
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preparing known substances have been forniulutcd; our si ores of 
available materials have been enriched by the discovery of ik'w 
compounds. 

Possibilities at High Temperatures. .(// 8iihfitaii(T,H Melt. In 
the high temperature produced in the electric furnace it has been 
shown that all substances can be melted. The oft encouu1crc<l 
statement that lime, magnesia, molybdenum, tungsten, and the like, 
are infusible is therefore incorreet, for not only can all known sub¬ 
stances be melted, but.they can be volatilized as well. 'These facts 
are full of significance and suggestion to the investigator. 'Tlu'y show 
not only that there are limitations upon the materials which la* 
may use for furnace construction, iutroduc'ing difrK’ultl<'S w1ut<‘ tlic 
highest temperatures are to be developed, but that it is possible that 
in the melting and fusion of materials they may undergo such transfor¬ 
mation of their physical nature as to endow them with <iualiti(‘s of 
great value. One of the most successful industrial us('s of the 
electric furnace is the fusion of aluminum oxide in the form of baux¬ 
ite, resulting in the production of that physical form of tlu> matt'rial 
designated by the trade name “alundum”. This is a duplication of 
Nature’s process for producing corundum, but the artificial prodm-t 
has marked advantages over the natural material in purity, <hcap- 
ness, strength, an<l toughness, which give it greater valine for abrasives 
purposes. 

The fusion of quartz has produced a valuable matt'rial for a new 
kind of glassware which is indestructible by rajjid or extrenu' varia¬ 
tions of temperature. Various refractory materials liave tlu'ir 
refractory qualities increased by melting and subst'tpu'ut <*ooling. 
Experimental investigation in this direction has only bt'guu, but the 
results already obtained point to many improvements which may h(' 
made in materials for furnace coustructioti, materials resistant to 
chemical corrosion, and materials possessing high heat and electric'al 
insulating properties. The volatilization of elements and <‘onii)ounds 
at high temperatures gives new methods for the purification and 
separation of materials, enabling the process of fractional <listillation 
to be applied to all substances. 

Behavior of Carbon. It has been shown that carbon is capable 
of conversion into its various forms, a fact industrially utilized with 
great advantage by the International Achoson Graphite Company 
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in making graphite and graphitized electrodes from the ordinary 
forms of coal and coke. Moissan has demonstrated the possibility 
of changing carbon into the diamond, and has reproduced, artificially, 
all the varieties of diamonds which Nature furnishes, alike in all 
respects save size. 

All the oxides which had hitherto been regarded as irreducible 
have been reduced through the use of the electric furnace. Upon 
experiments which he has made, Borcliers based the claim that 
carbon is capable of taking the oxygen from any known compound 
at temperatures within the range of the electric furnace. Similarly, 
other reducing agents may be made effective, and the decomposition 
can be produced even without any reducing agent whatever by 
utilizing the electrolytic action of the current. This has resulted in 
uidockir.g various of Nature’s stores, making available for use such 
materials as aluminum, magnesium, calcium, sodium, potassium, 
chromium, silicon, and many others which previously could be 
obtained only with great difficulty if at all. 

Carbides. Moissan’s classic researches show us that a large 
number of elements unite with carbon to form carbides, many of 
which were not known before the day of the electric furnace. Based 
upon this fact, though resulting from the independent discovery of 
the American inventor, Willson, the calcium carbide industry has 
been developed, and today thousands of tons are being produced 
annually. The reaction of this carbide with w^ater forms the hydro¬ 
carbon, acetylene, which, although now finding its chief use as an 
illuminant, is capable of being transformed into other hydrocarbons. 
Manganese carbide reacts with water to form hydrogen and me¬ 
thane; thorium carbide gives ethylene; and cerium and uranium 
carbides yield liquid and solid hydrocarbons as well as the gaseous 
ones. Although the hydrocarbons other than acetylene have not 
been produced commercially, scientifically it is possible to produce 
petroleum and other like compounds. Such discoveries as these 
point to the great and significant fact that the whole field of organic 
chemistry offers itself as an incentive in the exploitation of the electric 
furnace. 

Another <‘lass of carbides, such as those of silicon, boron, chrom¬ 
ium, molybdenum, tungsten, and titanium, are stable, not only 
resisting the attack of water but being extremely resistant to the 
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most active chemical agents. Tlie first of these, silicon (*ar})l<ic, or 
carborundum, has found extensive application as an abrasive, and 
its use has led to the development of a new iiuhislry. Us extrenu' 
hardness, approaching that of the diamond, an<l the refractory 
nature of it and similar carbides, togetlier with prop<‘riu‘s wliich 
may yet be discovered, point to the probability as w<*ll as the possi¬ 
bility that other carbides will have quite as ext<‘nsi\'o iiulnstrial 
application. 

Related Compound'S. Moi&san and his eonteini)oraries liavc* 
shown that silicon, boron, and nitrogen, may be made to act lila' 
carbon in producing silicides, borides, and nitriflt's, <'aeli lu'w com¬ 
pound having its own peculiar properties, and that the (iedd may also 
be extended tlirough the manufacture of the more <‘om])h‘x com¬ 
pounds, such as the silico-borides, silieo-carbides, bor<t-carhides, <tc. 

A contemplation of such possibilities is most bewildering, aiul 
to quote from an address by Professor Jos. W. Richards referring to 
electrometallurgical progress, “We are so overwlu'lnu'd by ni'w 
things of possible use to seicneo or industry, that we can at most 
investigate only a small fraction of them. It is a virgin continent 
of undeveloped possibilities.” 

ADVANTAGES OF ELECTRIC FURNACE 

The electric furnace owes its place in the scientific and industrial 
world to certain characteristics which it possesses and to the advan¬ 
tages which it offers over other means of generating heat, the i)riiuM]>al 
one being the high degree of temperature which is made availal»le. 
An interesting comparison might be work<'d out showing that civili¬ 
zation progresses in a rate proportional to tins utilization of lu'at 
energy in its highest degree of concentration. Each additional 
degree of temperature which can bo pnxluced ami kept under control 
shows itself capable of new and mscful purposes, and tlu* c'h'ctric 
furnace has added such an extension to the range of available tem¬ 
peratures that it has almost doubled that prcviou.sly available. 

Limitations. It simply requires the passage of the electric cur¬ 
rent through a conducting medium to pro(hu>e heat, tlie intensity of 
which depends upon the amoimt of current which passes. Inas¬ 
much as most substances retain their conductivity at high tempera¬ 
tures, the degrtee of intensity which is theoretically possible is unlim- 
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ited. Practically, however, limitations are placed upon it through 
the physical difficulties of keeping the conducting medium and the 
furnace walls in place. The temperature is limited by the fusing 
point of the material, while it retains its solid condition; when 
fusion commences, the difiiculties of containing the melted material 
begin, and the temperature is limited by the point of vaporization. 

When volatilization begins, the gaseous materials escape from 
the field of action, carrying away the heat, as rapidly as it is supplied 
to the furnace, in the form of latent heat of volatilization or energy 
stored up as potential chemical energy. It is true that the temperature 
of volatilization might be increased by subjection to high pressure, but 
this involves the construction of a container which can be made only 
of solid materials which wdll not fuse at the higher temperatures. 

The electric arc maintained through a carbon vapor furnishes, 
perhaps, the highest temperature attainable, a temperature which is 
usually considered definitely fixed by the volatilization of carbon. 
On account of the limitations of our methods of measuring these 
high temperatures, the exact value to be assigned to the temperature 
of the electric arc cannot be stated, though the most satisfactory 
measurements give values ranging between 3600® and 4000® C. 
Whether or not this is the ultimate limit to be attained by electrical 
means is difficult to say. There is, of course, the possibility of 
exceeding it by maintaining the arc under a high atmospheric pres¬ 
sure, or by feeding electrical energy to the arc more rapidly than it 
can be dissipated by the volatilization of carbon, or, in other words, 
superheating the carbon vapor. Such speculation, however, is not 
necessary to show that the electric furnace has unbounded possi¬ 
bilities, since the range of temperatures below that of the ordinary 
arc offers an unlimited field for usefulness. 

Comparison Between Electrical and Fuel Heating. While 
the attainment of high temperatures was the first achievement which 
called attention to the electric furnace and found many technical 
uses for it, the later developments have been in the direction of using 
eleetric‘al heating in competition with the various metallurgical proc¬ 
esses where the combustion of fuel is employed. • There are some 
who doubt the ability of the electric furnace to make inroads upon 
the fields occupied by other types of furnaces, and maintain heat 
energy from electricity to be entirely too costly, arguing as follows: 
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TABLE III 


Relative Fuel Costs 


Source of Heat 

B. 1. u. nt <’osl. of 

Om* (V‘nt 

Coal at $2.50 per ton. .. 

112,(KM) H. 1. u. 

Natural gas at 20c per M... 

4.1,000 B. 1. n. 

Oil at 4c gallon. 

:i2,000 B. t. u. 

Producer gas at 4c per M . 

;{7,.100 B. u. 

City illuminating gas at $1.00 per M. 

ti,0(M) B. i. u. 

Electrical energy at 10c per kw. hour. 

:M0 B. 1.11. 

Electrical energy at Ic per kw. hour. 

.‘1,400 B. 1.11. 

Electrical energy at ic per kw. hour. 

1;{,(KM) B. (,. 11. 


Cost of Heat from Fuels. A cheap source of heat energy is coal. 
On the assumption that one ton of a good grade of coal costs $2.50 
and during combustion liberates heat to the extent of bt.OOO B. t. u. 
per pound, the quantity of heat available for one wnt will then be 
112,000 B. t. u. From producer gas at four cents p(T thousand 
cubic feet and containing 150 B. t. u. i)cr cubic foot, the heat attain¬ 
able for one cent is 37,500 B. t. u. With city illuminating gas, of a 
calorific value of 700 B. t. u. per cubic foot and costing $1.00 i)er 
thousand cubic feet, we have 0000 B. t. u. available at a cost of 
one cent. 

Cost of Heat from Electrical Energy. Electrical energy as dis¬ 
tributed for lighting purposes costs iu the luiighborhood of t(>n cents 
per kilowatt hour. When freed from the co,st of distribution and if 
delivered in large quantities without expensive transmission, this 
energy may be obtained for from one to two cents per kilowatt hour 
and from waterpower plants it is being sold at (wen lower prices, 
two cents per kilowatt hour being near tlic low limit. One kilowatt 
hour of electrical energy, when transformed into heat, furnislu's 
about .3400 B. t. u., or, in other words, the heat equivalent of one 
kilowatt hour is represented by this figure. 

Table III gives an idea of the relative cost of heat units obtained 
by different methods. 

From Table III, it is evident that electrical heating with the 
lowest cost of energy obtainable is over eight times more costly than 
where heat is obtained from coal. The electric furnace, however, has 
advantages of such importance that this relative cost of heat units 
does not constitute a serious handicap for such a furnace. The 
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TABLE IV 


Heat Efficiencies of Furnaces 


Kind of Furnaco 

Fffilcioncy 

For generation of steam from coal. . . 

50% to C0% 

Blast furnace for manufacture of iron. 

52% to 66% 

Open hearth furnace for steel. 

10% to 12% 

Reverberatory furnace. 

5% to 8% 

Crucible steel furnace. 

2% to 4% 

Retort furnace for zinc. 

2% to 3% 

Electric furnace—for graphite. 

75% 

Electric furnace—for fused AbO.,.... 

75% 

Electric furnace—for iron and steel. ... 

^ 50% to 80% 


advantages of the electric furnace may be summarized chiefly as 
follows: 

Electrical energy gives ^^pure, unadulterated heat’' to the 
material which is to be treated, while many of the combustion 
methods involve the transmission of heat by means of the gaseous 
products of combustion. The efficiency of electrical heating is, 
therefore, greater. Table IV gives a numerical idea of the heat 
efficiencies of various types of industrial furnaces. 



Fig. 21. Losses o£ Heat in Melting Mol als 
Covied from The Mcctric Furtuia^ by Aljrcd Stansfield 

Fig. 21 gives a graphical representation of the heat lost and 
utilized in various types of furnaces for melting metals. 

The chief reason for the very low efficiencies of combustion 
furnaces is that the waste products of combustion carry away most 
of the heat. In a crucible furnace this loss is so great that as much 
as 98 per cent of the heat energy is wasted. Radiation losses from 
combustion furnaces are usually greater than for electric furnaces 
on account of the larger size of the former. 
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Economy of Electric Heating. As shown in Tahh'S 111 and IV, 
112,000 B. t. u. are available for one wnt’s worth of coal, hut if this 
heat is used for melting steel in a criu-ihle furnnco, only two per 
cent or 2240 B. t. u. are useful'. With elootri(‘ healing, howevtT, at 
one-quarter cent per kilowatt hour at an cffiei('n<*y of SO per e('nt, 1 (),SS0 
B. t. u. are actually available, and the electric heating thus beeojnes 
far cheaper even for the lower temperature metallurgi<‘al oiierations. 

Added to this advantage of high efficiieney, t.h(^ eh'ctric furnace 
has the merit of making available high temperatun's; of making 
possible a direct application of the heat to the materia! heatcal; of 
making small furnaces do the work of larger furnaces. Tlu^ vi»lumes 
of gaseous products which have to be handled are much h'ss with 
the electric furnace, and tins' is also important because the gas(*ous 
products of combustion frequently interfere with the desired ehemi(‘al 
reactions. The electric furnace can be ojjerated with either an 
oxidizing or reducing atmosphere. Not the least among the advan¬ 
tages of the electric furnace is the more cHieiemt use of refractory 
materials which is possible. The limitations upon almost all typi's 
of furnaces lie in the limitations of refractory materials which are 
available. In a crucible type of combustion furnaces the lu'at must 
pass through the refractory walls to get at the siibstanee to b(‘ heate'd. 
This means that the heat to pass through this refractory mati'rial 
must have a higher temperature outside than inside*. I f, for e'xample*, 
iron is to be melted, having a medting temjx'rature e)f 1500° the^ 
temperature on the outsiele of the eTueiblo must be* ceinside'rably 
higher than this. On the other hanel, if eU'etrie-al lu'ating e-an be; 
applied inside of the crucible, the crueiblti linings may be* at a sonus 
what lower temperature than 1500°, 

TYPES OF ELECTRIC FURNACES 

While the transformation of elee‘trie*al emergy inte) heat e*n('rgy 
is in itself a simple operation capable of being carried on at an 
efficiency of one hundred per cent, there are innumerable modifi¬ 
cations of furnace construction and operation. Electric furnaces 
may be classified in two main classes, viz., the arc furnace and the 
resistance furnace. 

Arc Furnace. The electric arc had its first great use for illumi¬ 
nation purposes, depending for its usefulness on the fact that an arc 
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maintained between two carbon terminals raises these terminals to 
such a high temperature as to give off intense luminous radiations. 
Fig. 22 illustrates such an arc, main¬ 
tained by the flow of direct current. 

The arc itself consists of a crater at each 
of the electrodes and a conductive gaseous 
medium connecting them, the location of 
the highest temperature being at the pos¬ 
itive crater. This temperature is proba¬ 
bly the highest attainable by any known 
means, being that of the vaporization of 
carbon. 

Either direct or alternating current 
may be used for maintaining an arc and 
thus we have a subdivision of arc furnaces into the direct-current 
and the alternating-current types. 

In electric furnace terminologj', the term electrodes is used in a 
different sense from that implied in electrolytic cells, being the 
terminals or conducting bodies furnishing the entrance and e.xit of 
the current to and from the furnace. Carbon or graphite is almost 
universally employed as electrodes for the arc furnace because of 



Fig. 22 The Electric Arc 
Copied Si om The Elect) le Pnr)uic€, by 
Alfred ^itant^Jichi 



Fig 23, Small Arc Furnace 
Copied from Electric Furmce, by Wilhchn Eoichcro 

the ability of these materials to withstand the intense heat without 
melting. 

The arc furnace differs from the lighting arc mainly in its size 
and far greater power consumption and in its being enclosed witliin 
refractory walls to prevent the escape of the heat. The increased 
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power consumption is brought about by iiuToascd flow of <*urr(»nt at 
only slightly higher voltages than those used in tlu^ an* lamp, I'he 



Fig. 24. Sections of an Arc-M\i(Ho Furnace 
Copied from Electrothermal and Electrolytic Tmlmtrice, by Aithcrofl 


pressure required to maintain a powerful arc furuuco ranges usually 
between 50 and 100 volts, while the ctirrent (‘ousuinption may ho 
hundreds and even thousands of amperes. 

Asmall are furnace is illustrated 
in Fig. 211, where the terminals of 
two horizontal carbon <>lectro(l(‘s are 
enclosed in an iron box lined with 
a heavy layer of lime, magni'sit«', 
or otlier highly refhu'tory material. 
Such a furnac-e has (‘xtc'iisivc^ use' in 
small laboratory operations, whi're 
the heat of the are is radiated from 
the craters, reflectt'd by the walls, 
and conducted by the enclosed gas('s 
to the crucible or matt'rial resting 
on the bottom of the furnace. 

Fig. 24 shows <liagrammatically 
the same type of furnace applied to 
the treatment of an ore fwl contin¬ 
ually into the side of the furnace, 
-the volatile products passing up 
the chimney, and the liquid metal or 
slag running off at the bottom. 
Another modification is illustrated in Fig. 25, where the arc is 
actually embedded in the mass of material which is being treated. 



Fig. 25. Furnace with Embedded Arc 
Copied from Electrothermal and Electrolytic 
IndmirieSi by Aehcroft 
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In this case the upper electrode consists of carbon and the lower one 
of the liquid metal or material which is being reduced. In such 
form of furnace, calcium carbide may be produced, or the reduction 
of iron oxide may be effected. 

An arc furnace in which two arcs are maintained is illustrated in 
Fig. 26, where M represents a mass of molten iron covered by a 
layer of slag (S. The current entering one of the carbon electrodes 
passes through the arc and the slag to the iron, thence through the 
slag and arc to the other terminal electrode. This is a type of furnace 
commonly used in the electric steel industry. 



Fig 20. Furnace with Two Area 
Copied fro7ti The Electric Furiinrc, by Aijicd Etamfieli 


Resistance Furnaces. The resistance type of furnace depends 
upon the fact that in passing current through a conductor heat is 
generated, the temperature being higher the greater the amount of 
current. Thus heat may be generated within the material under 
treatment if such material has the proper degree of conductivity. 
Or the heat may be conducted from the conductive mass carrying 
the current to a surrounding or adjacent material. 

The term “resistor” is used in designating that portion of a 
resistance furnace which conducts the current and in which the heat 
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is generated. This resistor may })e any one of a large vnrit'ty of 
materials, such as granulated or crushed carbon or eok(', fus('d 



Fig. 28. Section of Mufllo Furnaoo 


R—Oarbon resistor plates; T«—Carbon top platos; B--Gmphlto bottom ptatOH? amphite 
electrodes; S—RcKulating screws and gears; A—Speoial refractory cement; brick heat 

insulation; P—Pyrometer hole; D—Draft hole and cover. 

Courtosy of Hosihxm Manufaaturifi^i Company 

metals, slags, or, in fact, any material which is conductive in the 
liquid or solid state. 
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Fig. 27 shows a common type of resistance furnace, such as is 
used in the manufacture of graphite and carborundum. The 
resistor is the central column of coke, between the two terminal 
carbon electrodes, and surrounded by the layers of material under 
treatment, the whole being enclosed within the retaining walls. 

Figs. 28 and 29 show a type of resistance furnace in extensive 
use for the heat treatment of metals and for other purposes where 
muffle heating is desirable on a small scale. The sectional view 
shows two tiers of carbon plates jR, an upper graphite plate 7', the 
carbon plates being pressed upward against this plate by graphite 



Fig 20. HoHhins Type FC Electric Furnace 
Courtesy of Iloskina Mmufactunny Covipany 

electrodes E. The heat is generated by the passage of the current 
from plate to plate, and the degree of contact is varied by the adjust¬ 
ing wheels at the bottom of the furnace. IJy this adjustment, and 
by varying the pressure of the current supplied to the furnace, the 
desired degree of heat can be attained. 

CX)MMERCIAL PROCESSES 
NON-METALLIC COMPOUNDS 

Calcium Carbide. Lime and carbon mixed together and heated 
to a high temperature react according to the following equation: 
CaO-l-3C=CaCj+CO 
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That is, the carbon acts as a reducing agent to n'iiu)vc the ox.vg(‘n 
from the lime and additional carbon unites with tlu^ lime to form 
calcium carbide. 

The temperature required to bring about this rea(‘tion is higher 
t han can be furnished practically by combustion furnaces. Kk'ctrie 
heating is necessary, therefore, in the production of this <‘oin{)ound, 
and this use has constituted an imimrtant electric furnace industry 
since 1895. 

Calcium carbide is a crystalline product which has the proiaTty, 
upon adding water, of liberating gas according to tlie following 

CaCs+2H20 = Cyia+CaCOIDj 

This gives CjH^, or acetylene, which has its nu)st extensive ai)plica- 
tion as an illuminant and it is chiefly for the production of this gas 
that calcium carbide is manufactured. 

The process is a simple one. The raw material consists of an 
intimate mixture of a good grade of lime and of carbon in tin' form 
of charcoal, coke, or anthracite coal. 

' There are two main types of furnaces used lin the tri'alment; in 
one type the calcium carbide is removed from the fiirnuce in tlai 
form of a solid block; in the other type it is tappc'd from tlu' furnace 
in a liquid state. 

In the former type, the heating may be cirected by nu'ans of an 
arc drawn between two carbon electrodes, the ini.xturo being fed to 
the heat zone where the reaction takes place and the molten carbide 
flows into a mass which solidifies in the cooler portion of the furnace. 
The earlier methods consisted in running a box type of furnace until 
a certain amount of carbide had accumulated therein, when the 
current was interrupted and the solidified material n'luovcd and 
broken up for shipment. An improvement in this type consisted in 
forming the calcium carbide in a rotating type of furnace as illustrated 
in Fig. 30. The solidified core is rotated away from the arc tcrminuls 
at a rate proportional to the formation of the carbide. On the 
opposite side of the furnace, the core is removed by breaking off 
pieces. This type of furnace is an improvement which iiisures 
continuous operation. 

In the tapping type of furnace, an iron container lined with a 
refractory material with a bottom layer of carbon contains th® 
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charge. An electrode is lowered from above, and 200 kilowatts and 
upward of alternating energy is supplied. The higher temperature 
maintains the carbide in a molten condition and at regular intervals 
it is tapped from the furnace into iron ladles. 

In either the tapping type or the rotating solid core type, con¬ 
tinuous operation of the furnace is possible. 

The energy consumption per pound of carbide is stated to be in 
the neighborhood of two kilowatt hours. 



Fiff. 30. Rotary Calmim Carbide Furnaco 
Copied fiom Electric Furnace^ by Wilhelm Eorchers 


Silicon Products. Just as lime may be acted upon by carbon at 
high temperatures so reactions likewise take place in mixtures of 
carbon and silicon oxide or sand. Electric furnace temperatures are 
the most practical for bringing about these reactions, of which there 
are several possible ones depending upon the temperature and other 
working comlitions. 

One reaction may be represented by the equation 
SiO,+C=SiO+CO 

Silicon monoxide, SiO, is a brown powder. Its suggested uses are as 
a pigment, as a reducing agent, and as a heat insulating material. 
Thus far, however, it has been an unimportant technical product. 
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Another reaction proceeds according to tlu' o(ination 
SiO+C*Si+(X) 

That is, the silicon monoxide may he reduced hy tlu' carbon 1o the 
element silicon with the accompanying evolution of carbon monoxide. 
Large quantities of silicon have been produced according to this 
method and a material which was f<»rmerly a chemical curiosity is 
easily produced in large quantities. A construction of furnace 
which has been proposed for the production of silicon is illustrated 

in Fig. dl. Tlu' electric termi¬ 
nals of the furnace consist of 
two carbon electrodes introduced 
horisjontally. ('onnecting these 
electrodes is a pile of carbon slabs 
acting as a resistor where t he heat 
is generated, ''riiis rc'sistor is 
surrounded by a mixture of sand 
andearl)on and the molten silicon 
settles to the bottom and (lows 
tlirough the opcaiings into the 
lower chambers. This "so-calh'd 
metallic silicon has a juirity of 
about 95 per cent. It is a dense 
crystalline substance with a <lark. 
metallic luster. It has a tnclt ing 
point somewhat less than that 
of pure iron. Among its uses, it 
is employed as an addition agent to steel and it is also manufactured 
into crucibles and containers for resisting acids. 

Still anotlier reaction which may take place between sand and 
carbon is represented by the equation 

SiO,+3C*SiC+2CO 
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Pig. 31. Silicon Furnace 
Courtesy of Electrochemical Industry 


Carborundum. The silicon carbide, SiC, 'or carborundum, as 
it is generally known, is the most important of the products obtained 
from the union of the reactions between silicon and carbon. It was 
discovered, in 1891, by Acheson, who recogmzed in the hard iri¬ 
descent crystal produced a' material valuable as an abrasive agent. 
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charge. An electrode is lowered from above, and 200 kilowatts and 
upward of alternating energy is supplied. The higher temperature 
maintains the carbide in a molten condition and at regular intervals 
it is tapped from the furnace into iron ladles. 

In either the tapping type or the rotating solid core type, con¬ 
tinuous operation of the furnace is possible. 

The energy consumption per pound of carbide is stated to be in 
the neighborhood of two kilowatt hours. 



Fiff. 30. Rotary Calmim Carbide Furnaco 
Copied fiom Electric Furnace^ by Wilhelm Eorchers 


Silicon Products. Just as lime may be acted upon by carbon at 
high temperatures so reactions likewise take place in mixtures of 
carbon and silicon oxide or sand. Electric furnace temperatures are 
the most practical for bringing about these reactions, of which there 
are several possible ones depending upon the temperature and other 
working comlitions. 

One reaction may be represented by the equation 
SiO,+C=SiO+CO 

Silicon monoxide, SiO, is a brown powder. Its suggested uses are as 
a pigment, as a reducing agent, and as a heat insulating material. 
Thus far, however, it has been an unimportant technical product. 
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consumption' an increased amperage at a lower voltage must be 
supplied. At the end of the run the current may be 20,000 amperes 
at a pressure of 76 volts. 

When the reaction has been completed, the furna<-e is allowc'd to 
cool down, the side walls are removed, and the carborundum is found 
as a thick shell around the inner core. Fig. .‘12 illustrates one of 
these furnaces in the process of dismantling after a run. 

In the operation of carborundum furnaces, considerable cpian- 
tities of graphite have been produced, especially in the hotter portions 
of the charge. This is explained by the fact that c-arborundum wlu'ii 



Fig. 33 Oraphiio Furnaces 
Courtesy of Internatiaml Achemn (haphite Comimny 


heated to 2200° C. decomposes, the silicon being vaporisced away, 
leaving the carbon in the form of graphite. According to the 
reaction 

SiC=Si+C 

Graphite. One of the most spectacular, as well a.s important, 
achievements of the electric furnace is the production of artificial 
graphite. To Mr. Acheson belongs also the credit of its development. 
He found that at certain high temperatures carbon in the form of 
coal or coke is transformed into graphite. It has been the prevail- 
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ing belief that this conversion is brought about through the aid 
of certain oxides, such as those of silicon, aluminum, and iron. 
The exact way in which these oxides act is not clear, the supposition 
being that they act as a catalytic agent. Ai^ij|@i4 graphite is now 
produced in many different grades and the 'hutnlber of its uses is 
steadily increasing. 

The type of furnace for the production of graphite powder is 
similar to that of the carborundum, having permanent end walls 
with electrodes, a fire-brick bed, and removable side walls of refrac- 



Fiff. St. Graphitisned Eloctrodcs 
Courtesy of Juternatioml Achcson Graphite Company 


tory brick. When charging, a layer of carborundum sand is first 
placed on the bed to protect it from fusion. The charge is then filled 
in up to the lower portion of the electrodes. It consists usually of 
anthracite coal, ground to a varying size. A core of graphitized 
material is employed on account of its ability to conduct the current 
and serve as a resistor. Finally more of the charge is placed around 
and above the core and the furnace is covered with a layer of refrac¬ 
tory sand to prevent oxidation. 

A 1000-h.p. furnace is 30 feet long with a core diameter of 2 
feet. The current increases from 3700 amperes to 9000 amperes 
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during heating, while the voltage decreases from the starting value 
of 200 down to about 80. A run may be 24 hours in length, after 
which the furnace is cooled sufficiently for dismantling. A grapliite 
furnace in operation is illustrated in Fig. 33. 

Fpr the manufacture of graphite in the form of blocks or rods 
suitable for electrode purposes, a similar type of furnace is used. 
The ungraphitized articles are made from a mixture of amorphous 
carbon or finely powdered petroleum coke, pressed and molded 
with a pitch binder, after which it is calcined in a gas-fired furnace. 



Fig 35. Graphite Electrodes for Furnace Work 
Courtesy of Int&natioml Acheson Graphite Company 


To convert these carbon bodies into graphite simply means the 
application of a sufficient amount of heat, to secure which the 
carbons are packed between the end electrodes of the graphite 
furnace in a bed of conductive granulated carbon or graphite. The 
operation is similar to that of the graphit^ furnace just described. 

The industry is of interest to the electrochemist not only as 
being an electrochemical industry in itself but also as furnishing a 
most valuable form of carbon for electrolytic and electric furnace 
)?ork. Fig. 34 illustrates various forms of graphite electrodes while 
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Fig. 35 illustrates large graphitized carbon cylinders arranged to be 
fitted together for use in electric furnaces. 

Alundum. Alundum is another electric furnace product whi(‘li 
has a commercial value as an abrasive, also as a highly n^frac'tory 
material. Alundum is the trade name given to fused aluminum 
oxide. It is made by first purifying bauxite and then fusing it in an 
electric arc furnace. The furnace consists of a circular hearth of 
carbon blocks with a removable wall of sheet iron, water-jacketed 
throughout. Two carbon electrodes introduced from above convey 
the alternating current to and from the furnace. When a sufficient 



Piff. 30. Alimchim MuiTlcs 
Courtesy of The Norton Company 

quantity of the fxised material has formed, the solidified material is 
mnoved and broken up, crushed, and graded. 

From the finely crushed material, grinding wheels are formed, 
and it is also used in tlic construrtion of crucibles and muffles siuih as 
illustrated in Fig. 30. 

Carbon Bisulphide. One of the big electric furnace achieve¬ 
ments is its recently attained monopoly in the production of carbon 
bisulphide. This is a liquid of the chemical composition of CSj. 
The Taylor furnace, by which practically all of the supply of material 
used in this country is manufactured, is of the resistor type, iUas- 
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trated in Fig. 37. It is a fire-brick structure, enclosed in a strong iron 
shell. The resistor consists of pieces of eoke or of broken eU'ctnulo 
carbons fed into and occupying the space at the bottom of the 



Fig 37. Carbon Bisulphide Furnace 
Copied from PrQduet%on of Carbon Biaulphidef hy 
Taylor 


furnace, and tt'rminal elee- 
trcxles of carbon supplying the 
current to this n'sistor inat('- 
rial. The form of carbon used 
for the resistor do('s not r<'aet 
readily with sulphur, but tlu' 
contrary is true of the char¬ 
coal which is fed in at the top 
of the furnace ami oeetipies 
nuKst of the space in the up¬ 
right cylinder. The sulphur 
is introduced into the hearth 
of the furnace below the elec¬ 
trodes, where it is vaporiz(‘d 
and passes upward through 
the charcoal where tlu* reac¬ 
tion takes place, 'riu* carbon 
bisulphide vapors leave tlu* 
furnace at a coniparativ(‘ly 
low teinix'ratun'. 

ELECTRIC PURNACnS UN THE 
STEEL INDUSTRY 

After years of e.'cperi- 
mental and exjdoitation work, 
the electric furnace has reached 
a position of (‘onuner<‘ial im¬ 
portance in the iron and steel 
industry. While at present a 
comparatively small tonnage 
of steel is influenced by elec¬ 


tric furnace development, there is a general prediction'‘that the 


electric furnace is going to become of great importance. 


^The different ways in which the electric furnace may be used in 
this industry may be classified as follows: 
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(1) The direct reduction of iron from its ores, producing either a 
pig iron or finished steel. 

(2) Replacing or supplementing the existing types of metallurgical 
furnaces for the manufacture of steel from pig iron. 

(3) The replacement of the crucible process by the electric furnace. 

(4) For the heating of billets and bars, for the purpose of heat treat¬ 
ment or for rolling and drawing purposes. 

Direct Reduction of Iron from Its Ores. For this purpose the 
electric furnace must replace the ordinary blast furnace in which 
the iron ore is reduced by being mixed with coke or other form of 
carbon, the heat for reduction being supplied by the combustion of 
the fuel. This type of furnace has a high thermal efficiency, being 
above 50 per cent, and from the standpoint of cost of energy, the 
electric furnace has little opportunity for competing. The electric 
furnace, however, supplies heat by the transformation of electrical 
energy, while the heat from the blast furnace must be obtained from 
the combustion of the carbon in the furnace charge. Therefore, 
with the electric method a material saving can be made in the 
amount of coke or other form of carbon used, and this method is 
therefore advantageous where fuel is scarce and waterpower plentiful. 
Furthermore, a higlier temperature can be obtained by the electrical 
method of heating so that certain refractory ores can be reduced 
in the electric furnace which would clog up the ordinary blast 
furnace. 

For the successful direct smelting of iron ores there is required 
a very cheap source of electric power in a location where there is a 
market for the product, also a convenient source of iron ore, and where 
a saving in the amount of carbon used is of importance; in other 
words, where the price of coke or charcoal is high. These conditions 
are found in only a few places, such as along the Pacific Coast, where 
extensive experiments along this line have been carried out. In the 
industrial centers, however, the direct rcdu(‘tion of iron ores does 
not seem to be practicable by the electrical method. 

Manufacture of Steel from Pig Iron. Steel is commonly made 
from pig iron by taking the molten iron as it comes from the blast 
furnace and putting it through a refining operation, in the Bessemer 
or open hearth, or other similar refining process. If the refining is 
not done in conjunction with the smelting operation, the pig iron is 
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shipped to the place where the refining plant is installed, and in 
this case the pig iron must first he molted up. 

It is evident that there arc various ways in which the clcetrie 
furnace may be employed, either to replace or to supph'inent tiu' 
ordinary refining operations. Instead of running the inolti'u pig 
iron into the Bessemer converter, the hot nu'tal may bo run inf o an 
electric furnace and the refining operation carried on by tlio addition 
of the electrical heat which may raise the charge to any di'siri'd 
temperature. On the other hand, the electrii! furnace may bo used 
only as a finishing step after a certain amount of ndining has bi'on 
done by the ordinary process. 

Temperature is an important factor in tlie refining operation, 
and under the higher temperatures available in the eh'ctrii* furnace, 
the refining may be carried out more quickly anil to a liighi'r di'gri'o 
than is possible by the fuel methods of heating. For such purjiosi' 
the electric heating has a high thcrniiil efficiency as against tlu' 
much lower thermal efficiency of the gas- or fuel-lit'afed furnace; 
and in taking the molten material from the blast furnace or nu'If ing 
furnace, heated by fuels, the electric furnace is called upon only to 
do the high temperature, or critical, part of the work. It is idainu'd 
that by its use a specially high quality of sted may be secured and 
that tlie uniformity of the product is much greatiT than is ofherwisi' 
attainable. 

Manufacture cf Crucible Steel. In the manufaefure of high 
grade tool steel, the electric furnace seems to liavi* its mo.sf markisl 
field of usefulness. 

The crucible process, as ordinarily carried out, consists in nidting 
up in graphite or plumbago crucible.s a commercial grade of pun* 
iron and adding the purifying and alloying agents which are required. 
The crucibles, costing about$2.50 each, will hold about lOOixamds of 
metal and can be used six or .seven times. These crucibles arc heated 
by the products of combustion and the thermal efficiency is very low, 
being in the neighborhood of two per cent. The electric furnace with 
its 80 per cent efficiency is, therefore, able to compete profitably, 
and the high cost of crucible maintenance gives the electric fur¬ 
nace another opportunity to win out in the struggle for supremacy. 

Arc Type of Furnace for Iron and Steel. The various forms of 
the arc type of furnace are playing the more important part in the 
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electrometallurgy of iron. As illustrative of the leading forms of 
arc furnace, reference may be made to Fig. 38, showing the Stassano, 
the Heroult, and the Girod methods of operation. 

Stassano Fnrnace. This furnace in practice assumes several 
forms. It consists of a thick walled, rectangular chamber with a 
slightly arched roof. The electrodes are introduced into the side of 
the furnace and the raw material charged in at the ends. Tapping 
holes are provided for the slag and the finished steel. Another 
modification takes a circular form in which the entire furnace is 



STASSANO 



slightly inclined and rotated slowly about its axis so as to give some 
agitation to the furnace contents. The fixed type of furnace has 
been designed up to a capacity of 750 kw., while the rotating furnace 
has a capacity of abotit 200 kw. This furnace operates at a pres¬ 
sure of about 150 volts, somewhat higher than is usual with arc 
furnaces on account of the long are which is employed. 

llenndt Funmee. This furnace, which appears to be most 
widely used in this country, is of a simple construction consisting of 
a shallow hearth lined with refractory material and roofed over with 
silica brick. The contents are discharged by tilting the entire 
furnace, together with the electrode supports. Two electrodes enter 
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Fig. 39. Horoult Furnace in ()p(‘ialion 
Courte9y of Social & Blectro»M Hallurgitiufi Fran^aUe 



Fig. 40. ItcrouU Fumaoe Bisoharglng Molten. Steel 
Courtesy of SocifUi BleePro^MUallurgiQ^e Franyoieef 
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vertically through openings in the roof and project down to within 
one or two inches of the surface of the,bath. They may be water 
cooled at the points where they pass through the roof as well as at 



Fig. 41. Stool Furnace About to Pour Its Charge 
Courtesy of The Iron Age 


the cable connections. Furnaces of a capacity of from 15 to 20 tons 
have been used and operated at pressures of from 45 volts to 100 
volts, depending upon the energy input. A 15-ton furnace requires 
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up to 2000 kw. Fig. 39 illustrates the TIcroult tyjK' of furuae<' in 
operation, while Fig. 40 shows the tilting operation for (lis(-harging 
the finished product. 

Girod Furnace. This furnace diflors from tlio lIiTouIt in that 
the current enters through the electrode in the roof of the furnace, 



Fig, 42, Cross Soc-tiou of an Induction 
CouriPR}} of Amencan JSlpclrfc Furnaro Company 


Fig. 41, arcs across to the slag, then through the steel hatli, 
finally leaving by one or more steel electrodes, embedded in tlie 
refractory hearth material. Thus instead of having two ar<'s in 
series there is only one. The voltage of this furnace is, thereforts 
approximately half that of the Heroult type and with furnaces of 
equal load the current is necessarily twice as great. These furnaces 
have been built up to capacities of 15 tons. The voltage varies 
between 55 and 75 volts and a 300-kw. furnace will take from 6000 
to 5600 amperes and a 1200-kw. unit will take 20,000 amperes. 

Induction Steel Furnaces. An important type of steel furnace 
is what is known ,as the induction type, whereby the use of electrodes 
is entirely avoided, as is also the contamination of the steel by pieces 
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of carbon breaking off from the electrodes. The absence of carbon 
electrodes is made possible by causing the molten metal, in a con¬ 
tinuous circuit, to carry the energy which is applied to it by magnetic 
induction. In other words, an induction furnace is a step-down 



Fip;. 43, Induciion Fiirnaco in Operation 
CourU’ny of American Electric Furmce Company 


transformer with a short circuited secondary consisting of a single 
turn of the molten mctsil. It is obvious tliat the molten metal must 
be confined in a channel surrounding the core of the transformer, 
which core & also wound with a winding of a suitable number of 
turns to c’orrespond with the alternating voltage which is applied. 
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Fig. 42 shows the cross section of an induction furnace, C representing 
the iron core, or transformer, 2) the winding placed thereon, .1 the 
molten metal constituting the single turn secondary embedded in a 
refractory channel, and B the refractory cover for this channel. 

To get such a furnace in operation, it is necessary that there Ix' 
a continual metal mass, which is afforded by pouring molten metal 
into the furnace. When a pour is made from the furiuwe, care is 
taken to retain some of the metal to act as a starter for the. next run. 

As counterbalancing the obvious advantages, this furnace has 
losses and disadvantages which have restricted its geiu'rnl use. It 
is subject to magnetic and electrical losses due to liyst('resis in the 
iron core, heat losses in the primary circuit, and magnetic leakage. 
Furthermore, there is a large heat radiating surface by reason of th<! 
long channel which must be employed for a given quantity of metal. 
Fig. 43 shows the operation of a small induction type of furnace. 

ELECTRICAL DISCHARGE IN OASES 

Thus far consideration has been given to the use of currents 
passing through solid or liquid conducting materials where, (tompara- 
tively low voltages are required; also to a certain vapor typo of 
conduction in the low voltage electric arc. 

Characteristics of Discharge. A new and rapidly devi'loping 
field of applied electrochemistry utilizes phenomena attendant upon 
the application of high voltages to gaseous media. .Fig. 44 conveys 
diagrammatically an idea of the relation of current and voltage when 
an increasing difference of potential is applied to two similar ele(!- 
trodes separated by air or other gas. As the voltage is iiu-reased 
from zero, there is little flow of current or, in other words, the elec¬ 
trodes are practically insulated. By sufficiently sensitive instru¬ 
ments a slight flow of current may be detected, as indicated by the 
portion of the curve marked “non-luminous discharge”. This pro¬ 
duces no physical or chemical effects and is unimportant from the 
practical standpoint. Upon reaching a certain voltage, however, 
there is a discontinuity of the curve, the current increases, and the 
discharge between the electrodes becomes luminous. The appear¬ 
ance and exact nature of this luminous discharge vary, l^ing 
dependent upon whether direct or alternating currents are flowing. 
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the shape of the electrodes, and various other factors. It is desig¬ 
nated as a glow or brush discharge. The intensity becomes greater 
as the voltage increases, and when air is a mediuni, the oxygen is 
conveyed into ozone. 

The current for the brush discharge becomes a maximum at a 
certain voltage, indicated by the highest point on tlie curve, after 
which there is a more rapid increase in current, and a marked lowering 
of the voltage is necessary in order to keep the discharge under 
control. The discharge then assumes the form of the high tension 
arc. The sparking is very pronounced and the discharge is active 



in producing nitric oxide from the air. The fact that the voltage 
falls is duo to the increased conductivity of the gaseous medium 
caused, in turn, by the higher temperature produced by the increased 
current. This form of arc has important technical uses which will 
be illustrated later. 

If the current of the high tension arc is allowed to increase, a 
point is reached where tlio low tension arc is produced. This is a 
form of arc which has been previously considered in connection with 
arc lights and the arc furnace. 

PRODUCTION OF OZONE 

Ozone is a polymerized form of oxygen. It has a molecular 
formula of Og instead of Oj, the symbol for oxygen. In other words. 
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a molecule has three atoms of oxygen instead of two. It has a iH)wcr- 
ful property which makes it highly useful for hh>a<-hiug, 

disinfecting, oxidizing oils, etc. Its most extensive us(‘ is for water 

purification. . 

Ozone from Oxygen. Oxygen can be converted into ozone by 
heating to a very high temperature and then suddenly cooling, but 
only pTnall yields are produced by this metluxl. 'rhe ns(^ of tlu> 
silent electric discharge at room temperatures avoids this dillieulty. 

■ Siemens=Halske Ozonizer. A great munber of forms of teeli- 
nical ozonizers have been proposed. The Sieinens-1 lalske apparat us, 
indicated in Fig. 45, is an important type of comm<Tcial aiiparatus 



used in water-purification plants. It consists of an ir()n.<‘()ntainor 
provided with glass windows. Passing upward through tlu! con¬ 
tainer are a munber of vertical glass cylinders coated outside with a 
metal which serves as one electrode. In the center of tlu'sc tulxis 
are placed the other electrodes consisting of cylinders of aluminum 
foil. Water is run through the container outside of the tubes to 
keep the apparatus cool and keep up the efficaeiuy. The air is 
previously dried by means of calcium chloride or some other suitable 
drying agent and passes along the annular spaces between the 
electrodes. The metal outside of the tubes is connected to one 
terminal of a high alternating pressure and the inner electrodes are 
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connected to the other terminal. The iron container is connected 
to earth, thus preventing a risk to the operator. 

A pressure of from 4000 to 7000 volts has been used on this type 
of ozonizer, and plants for water purification have been operated in 
Paris and St. Petersburg. 

By placing the apparatus in a darkened room it is possible to 
tell from the luminous appearance whether it is working properly. 
It is claimed that with an expenditure of 57 kilowatt hours, a million 
gallons of water may be sterilized by this means. The method of 
sterilization consists in compressing the ozonized air and forcing it 
up through towers down which the water is passing. 

FIXATION OF NITROGEN* . 

The most important use of the high tension electric arc is in 
the so-called fixation of atmospheric nitrogen. 

Nitrogen for Fertilizers. Nitrogen is the most important 
element which gives value to our principal fertilizers. The increasing 
slemand for such fertilizers and the approaching exhaustion of the 
great deposits of sodium nitrate and other natural nitrogen com¬ 
pounds make the problem of the future supply of great importance. 
The atmosphere contains a free and inexhaustible supply of this 
element, but in this form it is not directly useful because it is not 
“fixed”, that is, in combination with other elements which appear 
to be essential for its usefulness in the growing of crops. 

It has long l)een known tliat where a high tension discharge 
takes place, there is a partial union of the oxygen and nitrogen of 
the air to form the chemical compound NO. 

Following the design and operation of a great many types of 
apparatus, it was found advisable to avoid short thick arcs and to 
emidoy long thin stable ar(‘s which would come in contact with a 
large quantity of air. Units of large capacity in consuming much 
energy have been worked out. 

Birkeland-Eyde Process. An electric furnace devised by Birke- 
land and Kyde has achieved a notable success in the fixation, of 
nitrogen of the air. In this furnace a large surface of contact of 
air and arc is attained. The principle is illustrated in Fig. 46. Two 

* An exhaustive treatise on the utilisation of atmospheric nitrogen is published by the 
Department of Commerce and Labor, under the authorship of Thomas H. Norton. 
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water-cooled copper electrodes are brought within a distance of one 
inch or less and are connected through an inductive resistance to a 



Fig. 46. Diagram of the Electric Greuit in the Birkelaiid-lOydci JOloctrii* I''urimc(» 


source of alternating pressure of 5000 volts. The high tension arc 
which is first produced quickly breaks down to a low voltage are 

carrying a heavy (nirrent. 
Thislow voltage ar<;is avoided 
by an ingenious inetluxl of 
placing the poles of a powt'r- 
ful electromagnet at either 
side of the are, Fig. 47. It 
is well known tliat a con¬ 
ductor located in a inagiu'tic 
field and carrying a current 
temls to move out of that 
field. The electric are follows 
this law and teiuls to move 
upward or downward, d(‘- 
pending upon the direction 
of the current. In moving 
away from the straight line 
connecting the two ends of 

Fjg. 47. Birkelaad-Eyde Fumaco the elcctrodcS, it beCOmCS 

lengthened and this lengthen¬ 
ing tends to maintain the are as a high tension arc and avoids the 
low tension form. In moving away and lengthening, the resistance 
increases, the current falls off, but the voltage increases because of the 



800 





ELECTROCHEMISTRY 


81 


lower voltage drop through the inductive resistance. The arc is finally 
drawn to such a length that it breaks and a new arc is then estab¬ 
lished and goes through the same process. By using an alternating 
current, the arc formed by one-half of the alternating-current wave 
travels upward from the electrode and on the reversal of the current 
an arc is formed which travels downward, and these arcs are formed 
at the rate of fifty per* second, in accordance with the frequency of 
the current used. On account of this high frequency it is impossible 
to detect each separate arc and in looking into the furnace what is 
seen is apparently a large disk sheet of light. The air is introduced 



Fig. 48. Birkcland-Eydc FurnaccH iit Notoddcn 


so that it travels parallel with this disk and is, therefore, fully ex¬ 
posed to the action of the discharge. 

It is estimated that the temperature of the disk is about 2300° C. 
The furnace is of steel, lined with fire-bricks which are perforated by 
holes through whic-li the air enters. 

Units of 7.50 kw. have been employed, such units requiring a 
pressure of .5000 volts. The full sized units in operation arc illus¬ 
trated in Fig. 4<S. 

ELECTRICAL FUME PRECIPITATION 
Another important application of high tension currents is in 
the removal of suspended particles of solid or liquid materials from 
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gases. It has long been known that the fine particles constituting 
fog, dust, and fume, may be quickly settled by iwissing ladween 
two electrodes at which a high pressure is maintaiiu'd. There is 
an agglomerating effect on the suspended partich's which causes 
them to produce larger bodies which s(‘ttle by gravity. Wlien 
direct pressures are employed, there is an actual attraction betwxH'ii 
the electrodes and the agglomerated particles, which iiuToases tlu' 
rate of settling or collection. 

Recovery of Valuable Products of Combustion, 'rhis plu'- 
nomenon has a commercial application in the settling of valuable 

materials which are 
carried in furnace' gase's, 
not only to rende'r tlu'se 
gases h'ss objectionable 
to the surroinuling terri¬ 
tory, but also to H'cover 
valuable materials which 
would otherwise b(' lost. 
It ahso looks promising 
in connection with tlu* 
smoke probh'in. There 
are likewise innumerable' 
instances in industrial 
work wlu'H' the sei>ara¬ 
tion of solid and liepiid 
particles from the air 
can be advantageously effected by this method. 

Cottrell Process. The commcrcaal practicability of this actieni 
of high tension currents has been demonstrated recently in the 
work of Dr. Cottrell and the United States lJureuu of Mines. 
The accompanying schematic diagram, Fig, <1!), illustrates a typical 
pipe treater. In general it consists of two large horizontal lines 
connected together by a number of small vertical pipes. Cases 
enter through one flue, pass through the vertical pipes and are 
discharged through the other flue to a stack, exhaust fan, or other 
draft producer. The gas is then exhausted into the. atmosphere. 
Some treaters are operated with an up draft, some with a down 
draft, according to the particular local conditions to be met. 
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Some treaters employ rectangular passages instead of pipes ■ to 
connect the two flues. These are generally referred to as plate 
or box type treaters. The principle of operation for all these 
types of treaters is the same. 



The actual precipitation of the dust or -fume occurs in the 
vortical pipes referred to above. Carefully centered in .each, is 
suspiended a small wire or a small chain. These constitute the 
negative electrode of the treater system. The inside surface of, 
th.e pipes constitute the positive electrode. Each wire or chain is 


393 


Treater Tubes, Showing Provisions for Happing Tub® and Insulated Supports for Electrodes 
Courtesy of Iiiterrmtional Smelting Com-panyt Miami, Arizona 















84 


ELECTROOHEMISTIIY 



Fig. 51. Experimental Tubular Treater Before Application of Current. F\»n<w in the VmU)i 

Above Apparatus 



Fig. 52. Tubular Treater After Current Has Been Tumed.Oxii Sbemisg Diisipgtbn of ISuxMi 
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carefully insulated from its pipe and from the ground, and is 
charged to a high potential usually at from 25,000 to 65,000 volts 
direct current. The tubes themselves are grounded. Thus within 
each pipe is created an intense electrostatic field. The gases 
passing through this field become ionized, and -the ions travel, with 
high velocity in a direction at right angles to the electrodes caus¬ 
ing the field. These highly charged ions are continually colliding 
with the suspended solid and liquid particles in the gas, and the 
ions impart a charge of like 
potential to such particles, 
which in turn begin to travel 
toward the electrode of 
opposite polarity. Since the 
negative suspended electrode 
is of much smaller area than 
the electrode formed by the 
inside surface of the pipe 
there is much greater electro¬ 
static stresses per unit of 
area in the neighborhood of 
the wire, and as a result 
far greater ionization about 
the wire. Thus tlie gas 
receives a static charge of 
the same polarity as the 
wire, and the solid or liquid 
I)articles in the gas receive 
charges of this same polarity 
which cause them to be 
projected against the inner surface of the pipes, where they tend 
to stick and accumulate until the electric power is turned off, 
after which the accumulation of dust is usually collected from the 
pipes by loosening it by rapping the sides of the pipes and col¬ 
lecting tlie dust in hoppers at the bottom. 

The treater tubes are usually arranged in a series of units 
illustrated in Fig. 50. Each unit or section is independent of the 
rest and is supplied with dampers and electrical disconnecting 
switches, so that it Can be shut down for cleaning or repairs with- 



Fig, 63, Mochamcal Rectifier Mounted on Exten¬ 
sion of Wcatinghouse Motor-Generator Shaft, 
Showing Contact Shoo and Contact Arc 
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out interfering with the operation of the other sections. 'Phe 
effect of turning on the current to an experimental ai)parutns nst'd 
in connection with a copper converter is shown in Figs. 51 and 52. 

Direct ciurent at 100,000 volts is usually obtaiiu'd from a 
low-voltage alternating current by means of a si)e<‘ially designed 
step-up transformer provided with tapped windings for varying 
the voltage. The high-tension alternating current is then changed 
into a uni-directional or intermittent current by a mechanically 
driven rectifier which operates on the same principle as the coiu- 
muta^ of a direct current generator. The disc-type rectifier, 
shown in Fig. 53, is generally used, except where heavy currents 
are rectified; then the arm-type is used. 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

ELECTRIC LIGHTING 


1. What is the standard unit of luminous intensity? 

2. What are the essential parts of a photometer? 

3. Describe the gas-filled type of incandescent lamp. 

4. Explain the principle of the electric arc. 

5. What is meant by the tern effiaency of an incandescent 
lamp? 

6. What three systems of lighting are used for interior light¬ 
ing? 

7. Give a short description of the prepai’ation of the fila¬ 
ment in incandescent lamps. 

8. Explain the principle of the flaming arc lamp. 

9. What is specular reflection? 

10. What principles should be obseiTed when designing a 
school lighting system? 

11. Name some of the advantages of exterior lighting of indus¬ 
trial properties. 

12. What are two advantages of opal glass as a reflecting 
material 

13. Define glare. What are some of the principal factors 
of glare? 

14. What ar(^ the two electric illuminants satisfactory for 
interior lighting? 

Ifi. How does the finish of walls and ceilings of an office 
affect the efficiency of a lighting installation? 

16. Galculate the approximate illumination at the center 
of a plane 3 feet above the floor in a room 18 feet square and 12 
feet high, the room to be lighted by four 16 candle-power lamps 
placed one at the center of each side wall 10 feet above the floor; 
the coefficient of reflection of the wall to bo taken as 60 per cent. 
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REVIEW QUESTIONS 

ON THE Ml'BJECT OE 

ELECTRIC LIGHTING OF TRAINS 


1. Name some of the pmctieal nnisonw for UKhtinp: trains 
electrically. 

2. What are the essential parts of a t.yi)ieul a-xle-linht eciuip- 
ment? Of a head-oncl system? 

3. What are the five gcnonil control methods of gcnierntor 
regulation? 

4. What is a poh-chmmerf With what, type's of <'<iuipnu'nt. 
is it necessary? 

5. What is a stop-charge coil? lindc'r what, conditions 
does it operate? 

6. What voltage is generally used for car-lighting latJips? 

7. What is an ampere-hour meter? What do('s it in(licat(', 
and what does it do? 

8. What is the best indication of the. st.ate of charge in a 
storage battery? When inspecting, what ot.lu'r points innst bi' 
determined? 

9. What is the function of the automatic switcli in the 
Gould Simplex System? Under what conditions dot's it operatt*? 

10. Above what train speed dot's tlu' Kt'init'tly regulator 
maintain a constant voltage? Does thi' rt'gulat.or, at any spt't'tl, 
permit current to flow from the battery tt) tlu' gt'nt'rator? 

'll. Name some of the causes of failure of the Type F safety 
regulator. 

12. What are two of the differences between tht' ICli'ctric 
Storage Battery Gonstant-Voltago Axle-Lighting Systent anil tht' 
Stone-Franklin Syatom? 

13. Describe briefly the Locomotive Hcad-Knd Lighting 
System. 

14. Name some of the mechanical sources of trouble with 
car-lighting systems. 

15. What are some of the common causes of sparking? Of 
overheating? 
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REVIEW QUESTIONS 

ON THE SUBJECT OP 

APPLIED ELECTROCHEMISTRY 


1. How may chemical reactions be classified? 

2. Which are the most important applications of electric 
energy to materials? 

3. Into what classes are electric conductors divided? 

4. Into what divisions may liquid conductors be divided? 

5. Discuss the conductivity of water. 

6. What is an electrochemical cell? 

7. What is an anode; a cathode? 

8. Define cathions and anions. 

9. State Faraday’s laws pertaining to electrolysis. 

10. Assume that in the coirosion of underground water pipes 
by electrolysis there is an average flow of current of .001 ampere 
per square foot of surface. How much iron will be removed on 
each square foot in a year’s time? 

11. Define electrochemical equivalent. 

12. What method is commonly used to provide an insoluble 
metal anode? 

13. Describe a simple experimental cell for refining copper. 

14. What is electroplating? 

15. Describe the arrangement of an electroplating cell. 

10. At what voltage do electroplating dynamos run? 

17. What are the important factors determining the quality 
of an electro deposit? 

18. In polishing uickc'l plating, it frequently happens that 
the nickel peels off. Wh(‘re may the causes of this bo found and 
what remedial measures applied? 

19. Give the chemical foimula according to which the pro¬ 
duction of sodium hypochlorite takes place. 

20. Gomparo the respective advantages of the diaphragm 
and mercury type of cells for the production of chlorine and caustic 
soda. 
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Electrochemical cell 316 

action inside cell 317 

anode reactions 322 

cathode reactions 321 

definitions 310 

Faraday’s laws 319 

Electrochemical equivalent 319 

Electrochemical theory 312 

electrochemical cell 310 

kinds of conductors 312 

EI(‘ctro<^hemistry, appli<‘d 311-391 
electric furnac^e 357 

(‘lectrolysiH and its apj)hcat,ions 312 
fixation of nitrogen 389 

introduction 311 

Ele{‘trod(* carbons 313 

El(*ctrod(‘s 310, 305 
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Kk^itrolysis and its applications • 312 
decomposition of salt, solutions 330 
electrochemical theory 312 

(»lectrolytio refining and r<‘C()V(‘ry 

of metals 322 

electroplating 327 

fused electrolytes 351 
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cells for decomposing water 347 
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types of cells 349 
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Electrolytic iron 325 
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of metals 322 

electrolytic recovery of metals 325 
refining copper 322 

refining of metals other than 

copper 324 

Electrolyzers for decomposing 

water 349 

Schmidt 349 

Schoop 349 

Schuckert 350 
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Electroplated objects, pohshing 331 
Electroplating 327 

plating non-conducting bodies 335 
principles of electroplating pro¬ 
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by simple immersion 327 

working solutions for principal 

metals 333 

Electroplating cell 327 

Enclosed arc 67, 09 

Enclosed carbon arc lamp 107 

Enclosing light.ing units in store 

lighting 147, 149, 151 

Endothermic reactions 311 

lOcgiivalent weight 319 

Etched glass rcdlcctors and globes 91 
Exclusive stores, lighting of 151 
Exothermic reactions 311 
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Flaming arc 70 

Flashing carbon filaments 35 
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Flat reflector for street lighting 108 
Flicker photometer 211 

Flood lighting 182 

in industrial plants 185 

installation 184 

streets 180 

types 182 

Flood-lighting projectors 184, 188 
Floor lamps 174 

Foot-candle 16, 19, 31 

relation to lumen 19 

Foot-candle measurements 24 

Foot-candle meter 24 

Frosted-glass reflectors and globes 91 
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I Fuel heating compared with elec¬ 
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manufacture of aluminum 354 
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voltage regulation 
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nu‘ti‘r control 225 
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latiou 221 

Generator ri^gulator 
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lighting system 291 

Gould Goupler axle lighting 

syHt.(‘m 291 

Safety Gar Heating and light¬ 
ing HyHi.em 257 
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XT. S. Light and Hinit Gorpo- 
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Generator suspimsion in train- 
lighting systems 
220, 250, 292, 2H0, 290, 299 
Generator in train-lighting sys¬ 
tems 

Consolidated Railway EI(*(4.ri<* 
Lighting and Equipnuait 
systein 227 

Electric-Htorago Battery axl<^ 

lighting system 288 

Gould CTouplor axlo lighting 

system 2(U 

head-end system 206 
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Immersion, coating by 
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Incandescent lamps 

54 

i‘lo<‘tri(* furnace* 

579 

carbon filament type 

54 
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525 

metallic filament typo 

57 



mercury vapor lamps 
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Nernst lamp 54 

Incident illumination distin¬ 
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250 

guished from surface 
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brightness 

191 


Indirect-lighting systems 

77, 107 

Lamp nwilator 


Indirect lighting units 


<\mHolidat<‘d Railway Kl(*ctric 


store lighting 147, 

149, 151 

Lighting and K<}uipm(*nt 


Induction steel furnaces 

584 

system 

245 

Industrial plants 
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exterior lighting of 

185 

syst(*m 208, 

270 
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158 

U.H, Light ami Heat (Corpo¬ 
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277 

ing 
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Lamp spacing in Htr(H‘t ligliting 

195 

intensity 

100 
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train-lighting systems) 
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525 

Insulators 
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Life performance* of Masseia lamps 
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laght losses 
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choice of 
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in industrial plants 
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Interference 
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Interior lighting 
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174 
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158 
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International candle 
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174 
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318 
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(see 

Link-typo truck suspension of 
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262 
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Luminous arc lamp for street 

lighting 197 

Luminous magnetite arc lamps 73 
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Lux 31 
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Macbeth illuminomctcr 208 

controller 209 

roferoncfi standard 209 

Magnetite arc lamp for street 

lighting 197 

Mat-surface reflectors 82 
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applications 58 

Coopcr-Hewitt 56 

operating principles 56 

quartz mercury vapor lamp 59 

Metal radical 319 

Metallic conductors 312 
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lamps 37 
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Motor-type regulator 230 
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Multiplier adjustment 270 
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Negative radical 319 

Neon tube light 63 

Nemst lamp 54 

advantages claimed 66 

ballast 55 

glower 54 

heater 55 

Nickel 

working solution for deposition 

of by electroplating 335 

Nickel plate for light projection 

in flood lighting 183 

Nitrides, produced by electric 

furnace 360 

Nitrogen, fixation of 389 

Birkelancl-Eydc process 389 

nitrogen for fertilizers 389 

Nitrogen-filled lamp 40 

Non-conducting bodies, plating 335 
plating on glass 336 

rendering surface conductive 335 
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carborundum 372 
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silicon products 371 

Non-metallic elements as (‘con¬ 
ductors 312 
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Offices, lighting of 133 

effect of color on quantity 134 

location and niunb('r of light¬ 
ing units 138 

Old school buildings, rehabilitat¬ 
ing lighting of 145 

Opal glassware 85 

Open arc 67 

Open-reflector lighting units 
office lighting 137 

store lighting 147 

Ornamental street-lighting sys¬ 
tems 190 

Overcharge switch 245 

Overhead lighting in industrial 

plants 103, 104 

Oxygen 

electrolytic (see Electrolytic hy¬ 
drogen and oxygen) 
industrial applications of 347 

Ozone, production of by elec¬ 
trical discharge 387 

ozone from oxygen 388 

Sicmcns-Halskc ozonizer 388 

Ozonizer 388 
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Parabolic reflectors 182 

Performance curve 31 

Performance of Mazda lamps 48 
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integrating 213 
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Lighting and Equipment 
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system 261 
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process 326 
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other metals 326 

Recovery of valuable products 

of combustion 82 
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methods 322 
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light interference 77 
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esthetic considerations 174 
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377 

Series eir<‘uits used for street 


for manufacture of carborundum 
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201 
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370 
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19tJ 
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Shadows 

101 

Rousseau diagram 

214 

m olhet* lighting 
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in sliovv-window lighting 

151 
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193 

Safety Car Heating and Lighting 


Sharp-M illar \ )la >t < miett*r 
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system 

250 

Show windows, lighting of 

151 
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25S 
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3SS 

adjustment of generator regu¬ 
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257 
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causes of failure of regulator 

200 

fnrnaee 

300 

generator suspension 

250 
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pole changer 

252 
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:i72 

rating 

250 

Silicon (‘arbitle ts<'i* (’arborun- 


regulator 

253 
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Safety type F regulator 

250 

Silicon furnact^ 

372 

Salt, fused, decomposition of 
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Salt solutions, decomposition of 
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371 

(see Decomposition of 
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salt solutions) 
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349 
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M3 
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353 
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314 
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Semi-enclosing lighting ujjiits 

trolysis 
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137 
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store lighting 
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decomposition of fumHl siili 
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330 

office lighting 

137 

Sodium hypochlorite, forming by 
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illumination intensities 152 

show windows 154 
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Typo L regulator 238 
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U.S. Light and Heat Corpora¬ 
tion, axle-driven system 
of 271 

automatic switch adjustment 276 

battery trouble 278 

generator 271 

generator regulator 272 

generator regulator adjustment 276 

lamp regulator 276 

lamp regulator adjustment 277 

pole changer 271 
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performance curve 31 
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Universal photometer 207 

V 

Variable shunt, use of with am¬ 
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Vertical distribution curve 31 
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lation 223, 225 
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Wall brackets 174, 17G 

Wall brightness, desirable 105 
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Weber photometer 204 

operation 206 
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Whiting electrolytic cell 344 

Wiredrawn lamp filaments 39 
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